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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure is related to consumer
goods and, more particularly, to methods, systems, prod-
ucts, features, services, and other elements directed to
media playback or some aspect thereof.

BACKGROUND

[0002] Options for accessing and listening to digital au-
dio in an out-loud setting were limited until in 2002, when
SONOS, Inc. began development of a new type of play-
back system. Sonos then filed one of its first patent ap-
plications in 2003, entitled "Method for Synchronizing Au-
dio Playback between Multiple Networked Devices," and
began offering its first media playback systems for sale
in 2005. The Sonos Wireless Home Sound System en-
ables people to experience music from many sources via
one or more networked playback devices. Through a soft-
ware control application installed on a controller (e.g.,
smartphone, tablet, computer, voice input device), one
can play what she wants in any room having a networked
playback device. Media content (e.g., songs, podcasts,
video sound) can be streamed to playback devices such
that each room with a playback device can play back
corresponding different media content. In addition,
rooms can be grouped together for synchronous play-
back of the same media content, and/or the same media
content can be heard in all rooms synchronously.
US-5,829,782 discusses a vehicle interior identification
and monitoring system. An ultrasonic transducer trans-
mits ultrasonic energy and reflected waves are received
by other ultrasonic transducers. The system can deter-
mine the presence of an occupant. The document notes
that if an entertainment system knew the position of the
vehicle occupants, adjustments could be made in the out-
put and sound quality improved.

US 2008/0232608 A1 discusses an audio/video system.
A position of a person can be measured using ultrasonic
signals emitted via at least two loudspeaker enclosures
and received by a separate ultrasonic receiving means.
CN107656244A discusses an indoor positioning system.
Ultrasonic signals are emitted from tweeters and re-
ceived by microphone arranged on a device to be posi-
tioned.

GB 2203315 A discusses a multiphonic balancer. Ultra-
sonic transmitters are arranged to determine the relative
distances of the speakers from the listener by means of
signals reflected from the listener. Control means are ar-
ranged to vary the respective volumes of sound repro-
duction according to the relative distances. US
2015/263692 describes a playback device with one or
more speakers that emits a first audio, detects a second
audio with a microphone and determines reflection char-
acteristics based on the detection.

[0003] According to a first aspect of the presentinven-
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tion, there is provided a method as defined in appended
claim 1. According to a second aspect of the present
invention, there is provided a playback device as defined
in appended claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features, aspects, and advantages of the pres-
ently disclosed technology may be better understood with
regard to the following description, appended claims, and
accompanying drawings, as listed below. A person
skilled in the relevant art will understand that the features
shown in the drawings are for purposes of illustrations,
and variations, including different and/or additional fea-
tures and arrangements thereof, are possible.

Figure 1Ais a partial cutaway view of an environment
having a media playback system configured in ac-

cordance with aspects of the disclosed technology.

Figure 1B is a schematic diagram of the media play-
back system of Figure 1A and one or more networks.

Figure 1C is a block diagram of a playback device.
Figure 1D is a block diagram of a playback device.

Figure 1E is a block diagram of a network micro-
phone device.

Figure 1F is a block diagram of a network micro-
phone device.

Figure 1G is a block diagram of a playback device.

Figure 1H is a partially schematic diagram of a con-
trol device.

Figures 1-1 through 1L are schematic diagrams of
corresponding media playback system zones.

Figure 1M is a schematic diagram of media playback
system areas.

Figure 2A is a front isometric view of a playback de-
vice configured in accordance with aspects of the
disclosed technology.

Figure 2B is a front isometric view of the playback
device of Figure 3A without a grille.

Figure 2C is an exploded view of the playback device
of Figure 2A.

Figure 3A is a front view of a network microphone
device configured in accordance with aspects of the
disclosed technology.
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Figure 3B is a side isometric view of the network
microphone device of Figure 3A.

Figure 3C is an exploded view of the network micro-
phone device of Figures 3A and 3B.

Figure 3D is an enlarged view of a portion of Figure
3B.

Figure 3E is a block diagram of the network micro-
phone device of Figures 3A-3D

Figure 3F is a schematic diagram of an example
voice input.

Figure 4 is a plan view of a playback environment.
Figure 5 is a block diagram of a playback device.

Figure 6 is a flow diagram representing a method for
selecting a characteristic of audio reproduction
based on a determined location of a person.

Figure 7 is a graph of data output by a multi-stage
noise-shaping (MASH) modulator.

Figure 8 is a schematic diagram depicting two mi-
crophones receiving reflections of a sound signal.

Figure 9is a flow diagram representing a method for
configuring a playback device.

Figure 10 is a schematic representation of a data
structure for storing calibration data.

Figure 11 is a plan view of a playback environment.

[0005] The drawings are for the purpose of illustrating
example embodiments, but those of ordinary skill in the
art will understand that the technology disclosed herein
is not limited to the arrangements and/or instrumentality
shown in the drawings.

DETAILED DESCRIPTION
|. Overview

[0006] Embodiments described herein relate to selec-
tion of audio reproduction characteristics by a playback
device based a location of a person. For example, it may
be beneficial to adjust audio reproduction based on the
location of a listener so that the audio experience is im-
proved for that location. However, it can be difficult for a
playback system to determine a location of a person with-
in the playback environment.

[0007] A playback device transmits a first sound signal
including a predetermined waveform. The playback de-
vice receives a second sound signal including at least

10

15

20

25

30

35

40

45

50

55

one reflection of the first sound signal. The second sound
signal is processed to determine a location of a person
relative to the playback device, and a characteristic of
audio reproduction by the playback device is selected,
based on the determined location of the person.

[0008] Thus, a person can be located using sound sig-
nals and audio reproduction adjusted accordingly to pro-
vide an improved audio experience.

[0009] The playback device comprises a tweeter con-
figured to generate audio signals; a microphone; and a
processing system. The tweeter is arranged to transmit
a first ultrasonic sound signal comprising a predeter-
mined waveform. The microphone is arranged to receive
a second sound signal comprising at least one reflection
of the first ultrasound signal. The processing system is
arranged to: determine a location of a person relative to
the playback device based on the second sound signal;
and set a characteristic of audio reproduction by the play-
back device based on the determined location of the per-
son.

[0010] A non-transitory computer readable medium
may comprise computer program instructions which,
when executed by a processing system, instruct the
processing system to: cause an electroacoustic trans-
ducer in a playback device to transmit a first sound signal
comprising a predetermined waveform; cause a micro-
phone in the playback device to receive a second sound
signal comprising at least one reflection of the first sound
signal; process the second sound signal to determine a
location of a person relative to the playback device; and
set a characteristic of audio reproduction by the playback
device based on the determined location of the person.
[0011] While some examples described herein may re-
fer to functions performed by given actors such as "us-
ers," "listeners," and/or other entities, it should be under-
stood that this is for purposes of explanation only. The
claims should not be interpreted to require action by any
such example actor unless explicitly required by the lan-
guage of the claims themselves.

[0012] In the Figures, identical reference numbers
identify generally similar, and/or identical, elements. To
facilitate the discussion of any particular element, the
most significant digit or digits of a reference number re-
fers to the Figure in which that element is first introduced.
For example, element 110a is first introduced and dis-
cussed with reference to Figure 1A. Many of the details,
dimensions, angles and other features shown in the Fig-
ures are merely illustrative of particular embodiments of
the disclosed technology. Accordingly, other embodi-
ments can have other details, dimensions, angles and
features.

[0013] In addition, those of ordinary skill in the art will
appreciate that further embodiments of the various dis-
closed technologies can be practiced without several of
the details described below.
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Il. Suitable Operating Environment

[0014] Figure 1A is a partial cutaway view of a media
playback system 100 distributed in an environment 101
(e.g., a house). The media playback system 100 com-
prises one or more playback devices 110 (identified in-
dividually as playback devices 110a-n), one or more net-
work microphone devices ("NMDs"), 120 (identified indi-
vidually as NMDs 120a-c), and one or more control de-
vices 130 (identified individually as control devices 130a
and 130b).

[0015] As used herein the term "playback device" can
generally refer to a network device configured to receive,
process, and output data of a media playback system.
For example, a playback device can be a network device
that receives and processes audio content. In some em-
bodiments, a playback device includes one or more
transducers or speakers powered by one or more ampli-
fiers. In other embodiments, however, a playback device
includes one of (or neither of) the speaker and the am-
plifier. For instance, a playback device can comprise one
or more amplifiers configured to drive one or more speak-
ers external to the playback device via a corresponding
wire or cable.

[0016] Moreover, as used herein the term NMD (i.e.,
a "network microphone device") can generally refer to a
network device that is configured for audio detection. In
some embodiments, an NMD is a stand-alone device
configured primarily for audio detection. In other embod-
iments, an NMD is incorporated into a playback device
(or vice versa).

[0017] The term "control device" can generally refer to
anetwork device configured to perform functions relevant
to facilitating user access, control, and/or configuration
of the media playback system 100.

[0018] Each of the playback devices 110 is configured
to receive audio signals or data from one or more media
sources (e.g., one or more remote servers, one or more
local devices) and play back the received audio signals
or data as sound. The one or more NMDs 120 are con-
figured to receive spoken word commands, and the one
or more control devices 130 are configured to receive
userinput. Inresponse to the received spoken word com-
mands and/or user input, the media playback system 100
can play back audio via one or more of the playback
devices 110. In certain embodiments, the playback de-
vices 110 are configured to commence playback of media
content in response to a trigger. For instance, one or
more of the playback devices 110 can be configured to
play back a morning playlist upon detection of an asso-
ciated trigger condition (e.g., presence of auserin akitch-
en, detection of a coffee machine operation). In some
embodiments, for example, the media playback system
100 is configured to play back audio from a first playback
device (e.g., the playback device 100a) in synchrony with
a second playback device (e.g., the playback device
100b). Interactions between the playback devices 110,
NMDs 120, and/or control devices 130 of the media play-
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back system 100 configured in accordance with the var-
ious embodiments of the disclosure are described in
greater detail below with respect to Figures 1B-1M.
[0019] In the illustrated embodiment of Figure 1A, the
environment 101 comprises a household having several
rooms, spaces, and/or playback zones, including (clock-
wise from upper left) a master bathroom 101a, a master
bedroom 101b, a second bedroom 101c, a family room
or den 101d, an office 101e, a living room 101f, a dining
room 101g, a kitchen 101h, and an outdoor patio 101i.
While certain embodiments and examples are described
below in the context of a home environment, the tech-
nologies described herein may be implemented in other
types of environments. In some embodiments, for exam-
ple, the media playback system 100 can be implemented
in one or more commercial settings (e.g., a restaurant,
mall, airport, hotel, a retail or other store), one or more
vehicles (e.g., a sports utility vehicle, bus, car, a ship, a
boat, an airplane), multiple environments (e.g., a combi-
nation of home and vehicle environments), and/or anoth-
er suitable environment where multi-zone audio may be
desirable.

[0020] The media playback system 100 can comprise
one or more playback zones, some of which may corre-
spond to the rooms in the environment 101. The media
playback system 100 can be established with one or more
playback zones, after which additional zones may be
added, orremoved to form, for example, the configuration
shown in Figure 1A. Each zone may be given a name
according to a different room or space such as the office
101e, master bathroom 101a, master bedroom 101b, the
second bedroom 101c, kitchen 101h, dining room 101g,
living room 101f, and/or the balcony 101i. In some as-
pects, a single playback zone may include multiple rooms
or spaces. In certain aspects, a single room or space
may include multiple playback zones.

[0021] In the illustrated embodiment of Figure 1A, the
master bathroom 101a, the second bedroom 101c, the
office 101e, the living room 101f, the dining room 101g,
the kitchen 101h, and the outdoor patio 101i each include
one playback device 110, and the master bedroom 101b
and the den 101d include a plurality of playback devices
110. In the master bedroom 101b, the playback devices
1101 and 110m may be configured, for example, to play
back audio content in synchrony as individual ones of
playback devices 110, as a bonded playback zone, as a
consolidated playback device, and/or any combination
thereof. Similarly, in the den 101d, the playback devices
110h-j can be configured, for instance, to play back audio
content in synchrony as individual ones of playback de-
vices 110, as one or more bonded playback devices,
and/or as one or more consolidated playback devices.
Additional details regarding bonded and consolidated
playback devices are described below with respect to
Figures 1B, 1E, and 11-1M.

[0022] In some aspects, one or more of the playback
zones in the environment 101 may each be playing dif-
ferent audio content. For instance, a user may be grilling
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on the patio 101i and listening to hip hop music being
played by the playback device 110c while another user
is preparing food in the kitchen 101h and listening to clas-
sical music played by the playback device 110b. In an-
otherexample, a playback zone may play the same audio
content in synchrony with another playback zone. For
instance, the user may be in the office 101e listening to
the playback device 110f playing back the same hip hop
music being played back by playback device 110c on the
patio 101i. In some aspects, the playback devices 110c
and 110f play back the hip hop music in synchrony such
that the user perceives that the audio content is being
played seamlessly (or at least substantially seamlessly)
while moving between different playback zones. Addi-
tional details regarding audio playback synchronization
among playback devices and/or zones can be found, for
example, in U.S. Patent No. 8,234,395 entitled, "System
and method for synchronizing operations among a plu-
rality of independently clocked digital data processing
devices".

a. Suitable Media Playback System

[0023] Figure 1B is a schematic diagram of the media
playback system 100 and a cloud network 102. For ease
of illustration, certain devices of the media playback sys-
tem 100 and the cloud network 102 are omitted from Fig-
ure 1B. One or more communication links 103 (referred
to hereinafter as "the links 103") communicatively couple
the media playback system 100 and the cloud network
102.

[0024] The links 103 can comprise, for example, one
or more wired networks, one or more wireless networks,
one or more wide area networks (WAN), one or more
local area networks (LAN), one or more personal area
networks (PAN), one or more telecommunication net-
works (e.g., one or more Global System for Mobiles
(GSM) networks, Code Division Multiple Access (CDMA)
networks, Long-Term Evolution (LTE) networks, 5G
communication network networks, and/or other suitable
data transmission protocol networks), etc. The cloud net-
work 102 is configured to deliver media content (e.g.,
audio content, video content, photographs, social media
content) to the media playback system 100 in response
to a request transmitted from the media playback system
100 via the links 103. In some embodiments, the cloud
network 102 is further configured to receive data (e.g.
voice input data) from the media playback system 100
and correspondingly transmit commands and/or media
content to the media playback system 100.

[0025] The cloud network 102 comprises computing
devices 106 (identified separately as a first computing
device 106a, a second computing device 106b, and a
third computing device 106¢c). The computing devices
106 can comprise individual computers or servers, such
as, for example, a media streaming service server storing
audio and/or other media content, a voice service server,
a social media server, a media playback system control
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server, etc. In some embodiments, one or more of the
computing devices 106 comprise modules of a single
computer or server. In certain embodiments, one or more
of the computing devices 106 comprise one or more mod-
ules, computers, and/or servers. Moreover, while the
cloud network 102 is described above in the context of
a single cloud network, in some embodiments the cloud
network 102 comprises a plurality of cloud networks com-
prising communicatively coupled computing devices.
Furthermore, while the cloud network 102 is shown in
Figure 1B as having three of the computing devices 106,
in some embodiments, the cloud network 102 comprises
fewer (or more) than three computing devices 106.
[0026] The media playback system 100 is configured
to receive media content from the networks 102 via the
links 103. The received media content can comprise, for
example, a Uniform Resource Identifier (URI) and/or a
Uniform Resource Locator (URL). For instance, in some
examples, the media playback system 100 can stream,
download, or otherwise obtain data from a URI or a URL
corresponding to the received media content. A network
104 communicatively couples the links 103 and at least
aportion of the devices (e.g., one or more of the playback
devices 110, NMDs 120, and/or control devices 130) of
the media playback system 100. The network 104 can
include, for example, a wireless network (e.g., a WiFi
network, a Bluetooth, a Z-Wave network, a ZigBee,
and/or other suitable wireless communication protocol
network) and/or a wired network (e.g., a network com-
prising Ethernet, Universal Serial Bus (USB), and/or an-
other suitable wired communication). As those of ordi-
nary skill in the art will appreciate, as used herein, "WiFi"
can refer to several different communication protocols
including, for example, Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11a, 802.11b, 802.11g,
802.11n, 802.11ac, 802.11ad, 802.11af, 802.11ah,
802.11ai, 802.11aj, 802.11aq, 802.11ax, 802.11ay,
802.15, etc. transmitted at 2.4 Gigahertz (GHz), 5 GHz,
and/or another suitable frequency.

[0027] In some embodiments, the network 104 com-
prises a dedicated communication network that the me-
dia playback system 100 uses to transmit messages be-
tweenindividual devices and/or to transmit media content
to and from media content sources (e.g., one or more of
the computing devices 106). In certain embodiments, the
network 104 is configured to be accessible only to devic-
es in the media playback system 100, thereby reducing
interference and competition with other household de-
vices. In other embodiments, however, the network 104
comprises an existing household communication net-
work (e.g., a household WiFi network). In some embod-
iments, the links 103 and the network 104 comprise one
or more of the same networks. In some aspects, for ex-
ample, the links 103 and the network 104 comprise a
telecommunication network (e.g., an LTE network, a 5G
network). Moreover, in some embodiments, the media
playback system 100 is implemented without the network
104, and devices comprising the media playback system
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100 can communicate with each other, for example, via
one or more direct connections, PANs, telecommunica-
tion networks, and/or other suitable communication links.
[0028] In some embodiments, audio content sources
may be regularly added or removed from the media play-
back system 100. In some embodiments, for example,
the media playback system 100 performs an indexing of
media items when one or more media content sources
are updated, added to, and/or removed from the media
playback system 100. The media playback system 100
can scan identifiable media items in some or all folders
and/or directories accessible to the playback devices
110, and generate or update a media content database
comprising metadata (e.g., title, artist, album, track
length) and other associated information (e.g., URIs,
URLSs) for each identifiable media item found. In some
embodiments, for example, the media content database
is stored on one or more of the playback devices 110,
network microphone devices 120, and/or control devices
130.

[0029] In the illustrated embodiment of Figure 1B, the
playback devices 110l and 110m comprise a group 107a.
The playback devices 1101 and 110m can be positioned
in different rooms in a household and be grouped togeth-
erin the group 107a on a temporary or permanent basis
based on user input received at the control device 130a
and/or another control device 130 in the media playback
system 100. When arranged in the group 107a, the play-
back devices 110l and 110m can be configured to play
back the same or similar audio content in synchrony from
one or more audio content sources. In certain embodi-
ments, for example, the group 107a comprises a bonded
zone in which the playback devices 110l and 110m com-
prise left audio and right audio channels, respectively, of
multi-channel audio content, thereby producing or en-
hancing a stereo effect of the audio content. In some
embodiments, the group 107a includes additional play-
back devices 110. In other embodiments, however, the
media playback system 100 omits the group 107a and/or
other grouped arrangements of the playback devices
110. Additional details regarding groups and other ar-
rangements of playback devices are described in further
detail below with respect to Figures 1-1 through 1-M.
[0030] The media playback system 100 includes the
NMDs 120a and 120b, each comprising one or more mi-
crophones configured to receive voice utterances from
a user. In the illustrated embodiment of Figure 1B, the
NMD 120a is a standalone device and the NMD 120b is
integrated into the playback device 110n. The NMD 120a,
for example, is configured to receive voice input 121 from
a user 123. In some embodiments, the NMD 120a trans-
mits data associated with the received voice input 121
to a voice assistant service (VAS) configured to (i) proc-
ess the received voice input data and (ii) transmit a cor-
responding command to the media playback system 100.
In some aspects, forexample, the computing device 106¢
comprises one or more modules and/or servers of a VAS
(e.g., a VAS operated by one or more of SONOS®, AM-
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AZON®, GOOGLE®APPLE®, MICROSOFT®). The com-
puting device 106¢ can receive the voice input data from
the NMD 120a via the network 104 and the links 103. In
response to receiving the voice input data, the computing
device 106¢ processes the voice input data (i.e., "Play
Hey Jude by The Beatles"), and determines that the proc-
essed voice input includes a command to play a song
(e.g., "Hey Jude"). The computing device 106¢ accord-
ingly transmits commands to the media playback system
100to play back "Hey Jude" by the Beatles from a suitable
media service (e.g., via one or more of the computing
devices 106) on one or more of the playback devices 110.

b. Suitable Playback Devices

[0031] Figure 1C is a block diagram of the playback
device 110a comprising an input/output 111. The in-
put/output 111 can include an analog I/O 111a (e.g., one
or more wires, cables, and/or other suitable communica-
tion links configured to carry analog signals) and/or a
digital /O 111b (e.g., one or more wires, cables, or other
suitable communication links configured to carry digital
signals). In some embodiments, the analog I/0 111a is
an audio line-in input connection comprising, for exam-
ple, an auto-detecting 3.5mm audio line-in connection.
In some embodiments, the digital I/O 111b comprises a
Sony/Philips Digital Interface Format (S/PDIF) commu-
nication interface and/or cable and/or a Toshiba Link
(TOSLINK) cable. In some embodiments, the digital 1/O
111b comprises a High-Definition Multimedia Interface
(HDMI) interface and/or cable. In some embodiments,
the digital /0O 111b includes one or more wireless com-
munication links comprising, for example, a radio fre-
quency (RF), infrared, WiFi, Bluetooth, or another suita-
ble communication protocol. In certain embodiments, the
analog /0O 111a and the digital I/O 111b comprise inter-
faces (e.g., ports, plugs, jacks) configured to receive con-
nectors of cables transmitting analog and digital signals,
respectively, without necessarily including cables.

[0032] The playback device 110a, for example, can re-
ceive media content (e.g., audio content comprising mu-
sic and/or other sounds) from a local audio source 105
via the input/output 111 (e.g., a cable, a wire, a PAN, a
Bluetooth connection, an ad hoc wired or wireless com-
munication network, and/or another suitable communi-
cation link). The local audio source 105 can comprise,
for example, a mobile device (e.g., a smartphone, a tab-
let, a laptop computer) or another suitable audio compo-
nent (e.g., a television, a desktop computer, an amplifier,
a phonograph, a Blu-ray player, a memory storing digital
media files). In some aspects, the local audio source 105
includes local music libraries on a smartphone, a com-
puter, a networked-attached storage (NAS), and/or an-
other suitable device configured to store media files. In
certain embodiments, one or more of the playback de-
vices 110, NMDs 120, and/or control devices 130 com-
prise the local audio source 105. In other embodiments,
however, the media playback system omits the local au-
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dio source 105 altogether. In some embodiments, the
playback device 110a does not include an input/output
111 and receives all audio content via the network 104.
[0033] The playback device 110a further comprises
electronics 112, a user interface 113 (e.g., one or more
buttons, knobs, dials, touch-sensitive surfaces, displays,
touchscreens), and one or more transducers 114 (re-
ferred to hereinafter as "the transducers 114"). The elec-
tronics 112 is configured to receive audio from an audio
source (e.g., the local audio source 105) via the input/out-
put 111, one or more of the computing devices 106a-c
via the network 104 (Figure 1B)), amplify the received
audio, and output the amplified audio for playback via
one or more of the transducers 114. In some embodi-
ments, the playback device 110a optionally includes one
or more microphones 115 (e.g., a single microphone, a
plurality of microphones, a microphone array) (hereinaf-
ter referred to as "the microphones 115"). In certain em-
bodiments, for example, the playback device 110a hav-
ing one or more of the optional microphones 115 can
operate as an NMD configured to receive voice input from
a user and correspondingly perform one or more opera-
tions based on the received voice input.

[0034] In the illustrated embodiment of Figure 1C, the
electronics 112 comprise one or more processors 112a
(referred to hereinafter as "the processors 112a"), mem-
ory 112b, software components 112c, a network interface
112d, one or more audio processing components 112g
(referred to hereinafter as "the audio components 112g"),
one or more audio amplifiers 112h (referred to hereinafter
as "the amplifiers 112h"), and power 112i (e.g., one or
more power supplies, power cables, power receptacles,
batteries, induction coils, Power-over Ethernet (POE) in-
terfaces, and/or other suitable sources of electric power).
In some embodiments, the electronics 112 optionally in-
clude one or more other components 112j (e.g., one or
more sensors, video displays, touchscreens, battery
charging bases).

[0035] The processors 112a can comprise clock-driv-
en computing component(s) configured to process data,
and the memory 112b can comprise a computer-reada-
ble medium (e.g., a tangible, non-transitory computer-
readable medium, data storage loaded with one or more
of the software components 112c) configured to store
instructions for performing various operations and/or
functions. The processors 112a are configured to exe-
cute the instructions stored on the memory 112b to per-
form one or more of the operations. The operations can
include, for example, causing the playback device 110a
to retrieve audio data from an audio source (e.g., one or
more of the computing devices 106a-c (Figure 1B)),
and/or another one of the playback devices 110. In some
embodiments, the operations further include causing the
playback device 110a to send audio data to another one
ofthe playback devices 110a and/or another device (e.g.,
one of the NMDs 120). Certain embodiments include op-
erations causing the playback device 110a to pair with
another of the one or more playback devices 110 to en-
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able a multi-channel audio environment (e.g., a stereo
pair, a bonded zone).

[0036] The processors 112a can be further configured
to perform operations causing the playback device 110a
to synchronize playback of audio content with another of
the one or more playback devices 110. As those of ordi-
nary skill in the art will appreciate, during synchronous
playback of audio content on a plurality of playback de-
vices, alistener will preferably be unable to perceive time-
delay differences between playback of the audio content
by the playback device 110a and the other one or more
other playback devices 110. Additional details regarding
audio playback synchronization among playback devices
can be found, for example, in U.S. Patent No. 8,234,395.
[0037] Insome embodiments, the memory 112bis fur-
ther configured to store data associated with the playback
device 110a, such as one or more zones and/or zone
groups of which the playback device 110a is a member,
audio sources accessible to the playback device 110a,
and/or a playback queue that the playback device 110a
(and/or another of the one or more playback devices)
can be associated with. The stored data can comprise
one or more state variables that are periodically updated
and used to describe a state of the playback device 110a.
The memory 112b can also include data associated with
a state of one or more of the other devices (e.g., the
playback devices 110, NMDs 120, control devices 130)
of the media playback system 100. In some aspects, for
example, the state data is shared during predetermined
intervals of time (e.g., every 5 seconds, every 10 sec-
onds, every 60 seconds) among at least a portion of the
devices of the media playback system 100, so that one
or more of the devices have the most recent data asso-
ciated with the media playback system 100.

[0038] The network interface 112d is configured to fa-
cilitate a transmission of data between the playback de-
vice 110a and one or more other devices on a data net-
work such as, for example, the links 103 and/or the net-
work 104 (Figure 1B). The network interface 112d is con-
figured to transmit and receive data corresponding to me-
dia content (e.g., audio content, video content, text, pho-
tographs) and other signals (e.g., non-transitory signals)
comprising digital packet data including an Internet Pro-
tocol (IP)-based source address and/or an IP-based des-
tination address. The network interface 112d can parse
the digital packet data such that the electronics 112 prop-
erly receives and processes the data destined for the
playback device 110a.

[0039] In the illustrated embodiment of Figure 1C, the
network interface 112d comprises one or more wireless
interfaces 112e (referred to hereinafter as "the wireless
interface 112e"). The wireless interface 112e (e.g., a suit-
able interface comprising one or more antennae) can be
configured to wirelessly communicate with one or more
other devices (e.g., one or more of the other playback
devices 110, NMDs 120, and/or control devices 130) that
are communicatively coupled to the network 104 (Figure
1B) in accordance with a suitable wireless communica-
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tion protocol (e.g., WiFi, Bluetooth, LTE). In some em-
bodiments, the network interface 112d optionally in-
cludes a wired interface 112f (e.g., an interface or recep-
tacle configured to receive a network cable such as an
Ethernet, a USB-A, USB-C, and/or Thunderbolt cable)
configured to communicate over a wired connection with
other devices in accordance with a suitable wired com-
munication protocol. In certain embodiments, the net-
work interface 112d includes the wired interface 112f and
excludes the wireless interface 112e. In some embodi-
ments, the electronics 112 excludes the network inter-
face 112d altogether and transmits and receives media
content and/or other data via another communication
path (e.g., the input/output 111).

[0040] The audio components 112g are configured to
process and/or filter data comprising media content re-
ceived by the electronics 112 (e.g., via the input/output
111 and/or the network interface 112d) to produce output
audio signals. In some embodiments, the audio process-
ing components 112g comprise, for example, one or
more digital-to-analog converters (DAC), audio preproc-
essing components, audio enhancement components, a
digital signal processors (DSPs), and/or other suitable
audio processing components, modules, circuits, etc. In
certain embodiments, one or more of the audio process-
ing components 112g can comprise one or more sub-
components of the processors 112a. In some embodi-
ments, the electronics 112 omits the audio processing
components 112g. In some aspects, for example, the
processors 112a execute instructions stored on the
memory 112b to perform audio processing operations to
produce the output audio signals.

[0041] The amplifiers 112h are configured to receive
and amplify the audio output signals produced by the
audio processing components 112g and/or the proces-
sors 112a. The amplifiers 112h can comprise electronic
devices and/or components configured to amplify audio
signals to levels sufficient for driving one or more of the
transducers 114. In some embodiments, for example,
the amplifiers 112h include one or more switching or
class-D power amplifiers. In other embodiments, howev-
er, the amplifiers include one or more other types of pow-
er amplifiers (e.g., linear gain power amplifiers, class-A
amplifiers, class-B amplifiers, class-AB amplifiers, class-
C amplifiers, class-D amplifiers, class-E amplifiers,
class-F amplifiers, class-G and/or class H amplifiers,
and/or another suitable type of power amplifier). In cer-
tain embodiments, the amplifiers 112h comprise a suit-
able combination of two or more of the foregoing types
of power amplifiers. Moreover, in some embodiments,
individual ones of the amplifiers 112h correspond to in-
dividual ones of the transducers 114. In other embodi-
ments, however, the electronics 112 includes a single
one of the amplifiers 112h configured to output amplified
audio signals to a plurality of the transducers 114. In
some other embodiments, the electronics 112 omits the
amplifiers 112h.

[0042] The transducers 114 (e.g., one or more speak-
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ers and/or speaker drivers) receive the amplified audio
signals from the amplifier 112h and render or output the
amplified audio signals as sound (e.g., audible sound
waves having a frequency between about 20 Hertz (Hz)
and 20 kilohertz (kHz)). In some embodiments, the trans-
ducers 114 can comprise a single transducer. In other
embodiments, however, the transducers 114 comprise
a plurality of audio transducers. In some embodiments,
the transducers 114 comprise more than one type of
transducer. For example, the transducers 114 can in-
clude one or more low frequency transducers (e.g., sub-
woofers, woofers), mid-range frequency transducers
(e.g., mid-range transducers, mid-woofers), and one or
more high frequency transducers (e.g., one or more
tweeters). As used herein, "low frequency" can generally
refer to audible frequencies below about 500 Hz, "mid-
range frequency" can generally refer to audible frequen-
cies between about 500 Hz and about 2 kHz, and "high
frequency" can generally refer to audible frequencies
above 2 kHz. In certain embodiments, however, one or
more of the transducers 114 comprise transducers that
do not adhere to the foregoing frequency ranges. For
example, one of the transducers 114 may comprise a
mid-woofer transducer configured to output sound at fre-
quencies between about 200 Hz and about 5 kHz.
[0043] By way of illustration, SONOS, Inc. presently
offers (or has offered) for sale certain playback devices
including, for example, a "SONOS ONE," "PLAY:1,"
"PLAY:3," "PLAY:5," "PLAYBAR," "PLAYBASE," "CON-
NECT:AMP," "CONNECT," and "SUB." Other suitable
playback devices may additionally or alternatively be
used to implement the playback devices of example em-
bodiments disclosed herein. Additionally, one of ordinary
skilled in the art will appreciate that a playback device is
not limited to the examples described herein or to
SONOS product offerings. In some embodiments, for ex-
ample, one or more playback devices 110 comprises
wired or wireless headphones (e.g., over-the-ear head-
phones, on-ear headphones, in-ear earphones). In other
embodiments, one or more of the playback devices 110
comprise a docking station and/or an interface configured
to interact with a docking station for personal mobile me-
dia playback devices. In certain embodiments, a play-
back device may be integral to another device or com-
ponent such as a television, a lighting fixture, or some
other device for indoor or outdoor use. In some embod-
iments, a playback device omits a user interface and/or
one or more transducers. Forexample, FIG. 1D is a block
diagram of a playback device 110p comprising the in-
put/output 111 and electronics 112 without the user in-
terface 113 or transducers 114.

[0044] Figure 1E is a block diagram of a bonded play-
back device 110q comprising the playback device 110a
(Figure 1C) sonically bonded with the playback device
110i (e.g., a subwoofer) (Figure 1A). In the illustrated
embodiment, the playback devices 110a and 110i are
separate ones of the playback devices 110 housed in
separate enclosures. In some embodiments, however,
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the bonded playback device 110gq comprises a single en-
closure housing both the playback devices 110a and
110i. The bonded playback device 110q can be config-
ured to process and reproduce sound differently than an
unbonded playback device (e.g., the playback device
110a of Figure 1C) and/or paired or bonded playback
devices (e.g., the playback devices 110l and 110m of
Figure 1B). In some embodiments, for example, the play-
back device 110a is full-range playback device config-
ured to render low frequency, mid-range frequency, and
high frequency audio content, and the playback device
110i is a subwoofer configured to render low frequency
audio content. In some aspects, the playback device 1
10a, when bonded with the first playback device, is con-
figured to render only the mid-range and high frequency
components of a particular audio content, while the play-
back device 110i renders the low frequency component
of the particular audio content. In some embodiments,
the bonded playback device 110q includes additional
playback devices and/or another bonded playback de-
vice. Additional playback device embodiments are de-
scribed in further detail below with respect to Figures 2A-
3D.

c. Suitable Network Microphone Devices (NMDs)

[0045] Figure 1F is a block diagram of the NMD 120a
(Figures 1A and 1B). The NMD 120a includes one or
more voice processing components 124 (hereinafter "the
voice components 124") and several components de-
scribed with respect to the playback device 110a (Figure
1C) including the processors 112a, the memory 112b,
and the microphones 115. The NMD 120a optionally
comprises other components also included in the play-
back device 110a (Figure 1C), such as the user interface
113 and/or the transducers 114. In some embodiments,
the NMD 120a is configured as a media playback device
(e.g., one or more of the playback devices 110), and fur-
therincludes, for example, one or more of the audio com-
ponents 112g (Figure 1C), the amplifiers 114, and/or oth-
er playback device components. In certainembodiments,
the NMD 120a comprises an Internet of Things (IoT) de-
vice such as, for example, a thermostat, alarm panel, fire
and/or smoke detector, etc. In some embodiments, the
NMD 120a comprises the microphones 115, the voice
processing 124, and only a portion of the components of
the electronics 112 described above with respect to Fig-
ure 1B. In some aspects, for example, the NMD 120a
includes the processor 112a and the memory 112b (Fig-
ure 1B), while omitting one or more other components of
the electronics 112. In some embodiments, the NMD
120a includes additional components (e.g., one or more
sensors, cameras, thermometers, barometers, hygrom-
eters).

[0046] Insomeembodiments, an NMD can be integrat-
ed into a playback device. Figure 1G is a block diagram
of a playback device 110r comprising an NMD 120d. The
playback device 110r can comprise many or all of the
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components of the playback device 110a and further in-
clude the microphones 115 and voice processing 124
(Figure 1F). The playback device 110roptionally includes
an integrated control device 130c. The control device
130c can comprise, for example, a user interface (e.g.,
the user interface 113 of Figure 1B) configured to receive
user input (e.g., touch input, voice input) without a sep-
arate control device. In other embodiments, however, the
playback device 110r receives commands from another
control device (e.g., the control device 130a of Figure
1B). Additional NMD embodiments are described in fur-
ther detail below with respect to Figures 3A-3F.

[0047] Referring again to Figure 1F, the microphones
115 are configured to acquire, capture, and/or receive
sound from an environment (e.g., the environment 101
of Figure 1A) and/or a room in which the NMD 120a is
positioned. The received sound caninclude, forexample,
vocal utterances, audio played back by the NMD 120a
and/or another playback device, background voices, am-
bient sounds, etc. The microphones 115 convert the re-
ceived sound into electrical signals to produce micro-
phone data. The voice processing 124 receives and an-
alyzes the microphone data to determine whether a voice
input is present in the microphone data. The voice input
can comprise, for example, an activation word followed
by an utterance including a user request. As those of
ordinary skill in the art will appreciate, an activation word
is a word or other audio cue that signifying a user voice
input. For instance, in querying the AMAZON® VAS, a
user might speak the activation word "Alexa." Other ex-
amples include "Ok, Google" for invoking the GOOGLE®
VAS and "Hey, Siri" for invoking the APPLE® VAS.
[0048] After detecting the activation word, voice
processing 124 monitors the microphone data for an ac-
companying user request in the voice input. The user
request may include, for example, a command to control
a third-party device, such as a thermostat (e.g., NEST®
thermostat), an illumination device (e.g., a PHILIPS HUE
® lighting device), or a media playback device (e.g., a
Sonos® playback device). For example, a user might
speak the activation word "Alexa" followed by the utter-
ance "set the thermostat to 68 degrees" to set a temper-
ature in a home (e.g., the environment 101 of Figure 1A).
The user might speak the same activation word followed
by the utterance "turn on the living room" to turn on illu-
mination devices in a living room area of the home. The
user may similarly speak an activation word followed by
arequest to play a particular song, an album, or a playlist
of music on a playback device in the home. Additional
description regarding receiving and processing voice in-
put data can be found in further detail below with respect
to Figures 3A-3F.

d. Suitable Control Devices

[0049] Figure 1H is a partially schematic diagram of
the control device 130a (Figures 1A and 1B). As used
herein, the term "control device" can be used inter-
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changeably with "controller" or "control system." Among
other features, the control device 130a is configured to
receive user input related to the media playback system
100 and, in response, cause one or more devices in the
media playback system 100 to perform an action(s) or
operation(s) corresponding to the user input. In the illus-
trated embodiment, the control device 130a comprises
a smartphone (e.g., an iPhone™, an Android phone) on
which media playback system controller application soft-
ware is installed. In some embodiments, the control de-
vice 130a comprises, for example, a tablet (e.g., an
iPad™), a computer (e.g., a laptop computer, a desktop
computer), and/or another suitable device (e.g., a televi-
sion, an automobile audio head unit, an IoT device). In
certain embodiments, the control device 130a comprises
a dedicated controller for the media playback system
100. In other embodiments, as described above with re-
spect to Figure 1G, the control device 130a is integrated
into another device in the media playback system 100
(e.g., one more of the playback devices 110, NMDs 120,
and/or other suitable devices configured to communicate
over a network).

[0050] The control device 130a includes electronics
132, a user interface 133, one or more speakers 134,
and one or more microphones 135. The electronics 132
comprise one or more processors 132a (referred to here-
inafter as "the processors 132a"), a memory 132b, soft-
ware components 132c, and a network interface 132d.
The processor 132a can be configured to perform func-
tions relevanttofacilitating user access, control, and con-
figuration of the media playback system 100. The mem-
ory 132b can comprise data storage that can be loaded
with one or more of the software components executable
by the processor 302 to perform those functions. The
software components 132c can comprise applications
and/or other executable software configured to facilitate
control of the media playback system 100. The memory
112b can be configured to store, for example, the soft-
ware components 132c, media playback system control-
ler application software, and/or other data associated
with the media playback system 100 and the user.
[0051] The network interface 132d is configured to fa-
cilitate network communications between the control de-
vice 130a and one or more other devices in the media
playback system 100, and/or one or more remote devic-
es. In some embodiments, the network interface 132 is
configured to operate according to one or more suitable
communication industry standards (e.g., infrared, radio,
wired standards including IEEE 802.3, wireless stand-
ards including IEEE 802.1 1a, 802.11b, 802.11g,
802.11n, 802.11ac, 802.15, 4G, LTE). The network in-
terface 132d can be configured, for example, to transmit
data to and/or receive data from the playback devices
110, the NMDs 120, other ones of the control devices
130, one of the computing devices 106 of Figure 1B, de-
vices comprising one or more other media playback sys-
tems, etc. The transmitted and/or received data can in-
clude, for example, playback device control commands,
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state variables, playback zone and/or zone group con-
figurations. For instance, based on user input received
at the user interface 133, the network interface 132d can
transmit a playback device control command (e.g., vol-
ume control, audio playback control, audio content se-
lection) from the control device 304 to one or more of the
playback devices 100. The network interface 132d can
also transmit and/or receive configuration changes such
as, for example, adding/removing one or more playback
devices 100 to/from a zone, adding/removing one or
more zones to/from a zone group, forming a bonded or
consolidated player, separating one or more playback
devices from a bonded or consolidated player, among
others. Additional description of zones and groups can
be found below with respect to Figures 1-I through 1M.
[0052] The user interface 133 is configured to receive
user input and can facilitate control of the media playback
system 100. The user interface 133 includes media con-
tent art 133a (e.g., album art, lyrics, videos), a playback
status indicator 133b (e.g., an elapsed and/or remaining
time indicator), media content information region 133c,
a playback control region 133d, and a zone indicator
133e. The media content information region 133c can
include a display of relevant information (e.g., title, artist,
album, genre, release year) about media content current-
ly playing and/or media content in a queue or playlist.
The playback control region 133d can include selectable
(e.g., via touch input and/or via a cursor or another suit-
able selector) icons to cause one or more playback de-
vices in a selected playback zone or zone group to per-
form playback actions such as, for example, play or
pause, fast forward, rewind, skip to next, skip to previous,
enter/exit shuffle mode, enter/exit repeat mode, enter/ex-
it cross fade mode, etc. The playback control region 133d
may also include selectable icons to modify equalization
settings, playback volume, and/or other suitable play-
back actions. In the illustrated embodiment, the user in-
terface 133 comprises a display presented on a touch
screen interface of a smartphone (e.g., an iPhone™, an
Android phone). In some embodiments, however, user
interfaces of varying formats, styles, and interactive se-
quences may alternatively be implemented on one or
more network devices to provide comparable control ac-
cess to a media playback system.

[0053] The one or more speakers 134 (e.g., one or
more transducers) can be configured to output sound to
the user of the control device 130a. In some embodi-
ments, the one or more speakers comprise individual
transducers configured to correspondingly output low fre-
quencies, mid-range frequencies, and/or high frequen-
cies. In some aspects, for example, the control device
130a is configured as a playback device (e.g., one of the
playback devices 110). Similarly, in some embodiments
the control device 130a is configured as an NMD (e.g.,
one of the NMDs 120), receiving voice commands and
other sounds via the one or more microphones 135.
[0054] The one or more microphones 135 can com-
prise, for example, one or more condenser microphones,
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electret condenser microphones, dynamic microphones,
and/or other suitable types of microphones or transduc-
ers. In some embodiments, two or more of the micro-
phones 135 are arranged to capture location information
of an audio source (e.g., voice, audible sound) and/or
configured to facilitate filtering of background noise.
Moreover, in certain embodiments, the control device
130a is configured to operate as playback device and an
NMD. In other embodiments, however, the control device
130a omits the one or more speakers 134 and/or the one
or more microphones 135. For instance, the control de-
vice 130a may comprise a device (e.g., a thermostat, an
loT device, a network device) comprising a portion of the
electronics 132 and the user interface 133 (e.g., a touch
screen) without any speakers or microphones.

e. Suitable Playback Device Configurations

[0055] Figures 1-l through 1M show example configu-
rations of playback devices in zones and zone groups.
Referring first to Figure 1M, in one example, a single
playback device may belong to a zone. For example, the
playback device 110g in the second bedroom 101c¢c (FIG.
1A) may belong to Zone C. In some implementations
described below, multiple playback devices may be
"bonded" to form a "bonded pair" which together form a
single zone. For example, the playback device 110l (e.g.,
a left playback device) can be bonded to the playback
device 110m (e.g., a right playback device) to form Zone
B.Bonded playback devices may have different playback
responsibilities (e.g., channel responsibilities). Inanother
implementation described below, multiple playback de-
vices may be merged to form a single zone. For example,
the playback device 110h (e.g., a front playback device)
may be merged with the playback device 110i (e.g., a
subwoofer), and the playback devices 110j and 110k
(e.g., left and right surround speakers, respectively) to
form a single Zone D. In another example, the playback
devices 110g and 110h can be merged to form a merged
group or a zone group 108b. The merged playback de-
vices 110g and 110h may not be specifically assigned
different playback responsibilities. That is, the merged
playback devices 110h and 110i may, aside from playing
audio content in synchrony, each play audio content as
they would if they were not merged.

[0056] Each zone in the media playback system 100
may be provided for control as a single user interface
(Ul) entity. For example, Zone A may be provided as a
single entity named Master Bathroom. Zone B may be
provided as a single entity named Master Bedroom. Zone
C may be provided as a single entity named Second Bed-
room.

[0057] Playback devices that are bonded may have
different playback responsibilities, such as responsibili-
ties for certain audio channels. For example, as shown
in Figure 1-I, the playback devices 110l and 110m may
be bonded so as to produce or enhance a stereo effect
of audio content. In this example, the playback device
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110l may be configured to play a left channel audio com-
ponent, while the playback device 110k may be config-
ured to play a right channel audio component. In some
implementations, such stereo bonding may be referred
to as "pairing."

[0058] Additionally, bonded playback devices may
have additional and/or different respective speaker driv-
ers. As shown in Figure 1J, the playback device 110h
named Front may be bonded with the playback device
110i named SUB. The Front device 110h can be config-
ured to render a range of mid to high frequencies and
the SUB device 110i can be configured render low fre-
quencies. When unbonded, however, the Front device
110h can be configured render a fullrange of frequencies.
As another example, Figure 1K shows the Frontand SUB
devices 110h and 110i further bonded with Left and Right
playback devices 110j and 110k, respectively. In some
implementations, the Right and Left devices 110j and
102k can be configured to form surround or "satellite"
channels of a home theater system. The bonded play-
back devices 110h, 110i, 110j, and 110k may form a sin-
gle Zone D (FIG. 1M).

[0059] Playbackdevicesthatare merged maynothave
assigned playback responsibilities, and may each render
the full range of audio content the respective playback
device is capable of. Nevertheless, merged devices may
be represented as a single Ul entity (i.e., a zone, as dis-
cussed above). For instance, the playback devices 110a
and 110n of the master bathroom have the single Ul entity
of Zone A. In one embodiment, the playback devices
110a and 110n may each output the full range of audio
contenteachrespective playback devices 110aand 110n
are capable of, in synchrony.

[0060] In some embodiments, an NMD is bonded or
merged with another device so as to form a zone. For
example, the NMD 120b may be bonded with the play-
back device 110e, which together form Zone F, named
Living Room. In other embodiments, a stand-alone net-
work microphone device may be in a zone by itself. In
other embodiments, however, a stand-alone network mi-
crophone device may not be associated with a zone. Ad-
ditional details regarding associating network micro-
phone devices and playback devices as designated or
default devices may be found, for example, in previously
referenced U.S. Patent Application No. 15/438,749.
[0061] Zones ofindividual, bonded, and/or merged de-
vices may be grouped to forma zone group. Forexample,
referring to Figure 1M, Zone A may be grouped with Zone
B to form a zone group 108a that includes the two zones.
Similarly, Zone G may be grouped with Zone H to form
the zone group 108b. As another example, Zone A may
be grouped with one or more other Zones C-I. The Zones
A-l may be grouped and ungrouped in numerous ways.
For example, three, four, five, or more (e.g., all) of the
Zones A-l may be grouped. When grouped, the zones of
individual and/or bonded playback devices may play
back audio in synchrony with one another, as described
in previously referenced U.S. PatentNo. 8,234,395. Play-
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back devices may be dynamically grouped and un-
grouped to form new or different groups that synchro-
nously play back audio content.

[0062] In various implementations, the zones in an en-
vironment may be the default name of a zone within the
group or a combination of the names of the zones within
a zone group. For example, Zone Group 108b can have
be assigned aname such as "Dining + Kitchen", as shown
in Figure 1M. In some embodiments, a zone group may
be given a unique name selected by a user.

[0063] Certain data may be stored in a memory of a
playback device (e.g., the memory 112c of Figure 1C)
as one or more state variables that are periodically up-
dated and used to describe the state of a playback zone,
the playback device(s), and/or a zone group associated
therewith. The memory may also include the data asso-
ciated with the state of the other devices of the media
system, and shared from time to time among the devices
so that one or more of the devices have the most recent
data associated with the system.

[0064] In some embodiments, the memory may store
instances of various variable types associated with the
states. Variables instances may be stored with identifiers
(e.g., tags) corresponding to type. For example, certain
identifiers may be a first type "a1" to identify playback
device(s) of a zone, a second type "b1" to identify play-
back device(s) that may be bonded in the zone, and a
third type "c1" to identify a zone group to which the zone
may belong. As a related example, identifiers associated
with the second bedroom 101c may indicate that the play-
back device is the only playback device of the Zone C
and not in a zone group. Identifiers associated with the
Den may indicate that the Den is not grouped with other
zones butincludes bonded playback devices 110h-110k.
Identifiers associated with the Dining Room may indicate
that the Dining Room is part of the Dining + Kitchen zone
group 108b and that devices 110b and 110d are grouped
(FIG. 1L). Identifiers associated with the Kitchen may in-
dicate the same or similar information by virtue of the
Kitchen being part of the Dining + Kitchen zone group
108b. Other example zone variables and identifiers are
described below.

[0065] In yet another example, the media playback
system 100 may variables or identifiers representing oth-
er associations of zones and zone groups, such as iden-
tifiers associated with Areas, as shown in Figure 1M. An
area may involve a cluster of zone groups and/or zones
not within a zone group. For instance, Figure 1M shows
an Upper Area 109a including Zones A-D, and a Lower
Area 109b including Zones E-I. In one aspect, an Area
may be used to invoke a cluster of zone groups and/or
zones that share one or more zones and/or zone groups
of another cluster. In another aspect, this differs from a
zone group, which does not share a zone with another
zone group. Further examples of techniques for imple-
menting Areas may be found, for example, in U.S. Ap-
plication No. 15/682,506 filed August 21, 2017 and titled
"Room Association Based on Name," and U.S. Patent
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No. 8,483,853 filed September 11, 2007, and titled "Con-
trolling and manipulating groupings in a multi-zone media
system." In some embodiments, the media playback sys-
tem 100 may not implement Areas, in which case the
system may not store variables associated with Areas.

lll. Example Systems and Devices

[0066] Figure 2Ais a frontisometric view of a playback
device 210 configured in accordance with aspects of the
disclosed technology. Figure 2B is a front isometric view
of the playback device 210 without a grille 216e. Figure
2C is an exploded view of the playback device 210. Re-
ferring to Figures 2A-2C together, the playback device
210 comprises a housing 216 that includes an upper por-
tion 216a, aright or first side portion 216b, a lower portion
216c¢, a left or second side portion 216d, the grille 216e,
and arear portion 216f. A plurality of fasteners 216g (e.g.,
one or more screws, rivets, clips) attaches a frame 216h
to the housing 216. A cavity 216j (Figure 2C) in the hous-
ing 216 is configured to receive the frame 216h and elec-
tronics 212. The frame 216h is configured to carry a plu-
rality of transducers 214 (identified individually in Figure
2B as transducers 214a-f). The electronics 212 (e.g., the
electronics 112 of Figure 1C) is configured to receive
audio content from an audio source and send electrical
signals corresponding to the audio content to the trans-
ducers 214 for playback.

[0067] The transducers 214 are configured to receive
the electrical signals from the electronics 112, and further
configured to convert the received electrical signals into
audible sound during playback. For instance, the trans-
ducers 214a-c (e.g., tweeters) can be configured to out-
put high frequency sound (e.g., sound waves having a
frequency greater than about 2 kHz). The transducers
214d-f (e.g., mid-woofers, woofers, midrange speakers)
can be configured output sound atfrequencies lower than
the transducers 214a-c (e.g., sound waves having a fre-
quency lower than about 2 kHz). In some embodiments,
the playback device 210 includes a number of transduc-
ers different than those illustrated in Figures 2A-2C. For
example, as described in further detail below with respect
to Figures 3A-3C, the playback device 210 can include
fewer than six transducers (e.g., one, two, three). In other
embodiments, however, the playback device 210 in-
cludes more than six transducers (e.g., nine, ten). More-
over, in some embodiments, all or a portion of the trans-
ducers 214 are configured to operate as a phased array
to desirably adjust (e.g., narrow or widen) a radiation pat-
tern of the transducers 214, thereby altering a user’s per-
ception of the sound emitted from the playback device
210.

[0068] In theillustrated embodiment of Figures 2A-2C,
a filter 216i is axially aligned with the transducer 214b.
The filter 216i can be configured to desirably attenuate
apredetermined range of frequencies that the transducer
214b outputs to improve sound quality and a perceived
sound stage output collectively by the transducers 214.
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In some embodiments, however, the playback device
210 omits the filter 216i. In other embodiments, the play-
back device 210 includes one or more additional filters
aligned with the transducers 214b and/or at least another
of the transducers 214.

[0069] Figures 3A and 3B are front and right isometric
side views, respectively, of an NMD 320 configured in
accordance with embodiments of the disclosed technol-
ogy. Figure 3C is an exploded view of the NMD 320.
Figure 3D is an enlarged view of a portion of Figure 3B
including a user interface 313 of the NMD 320. Referring
first to Figures 3A-3C, the NMD 320 includes a housing
316 comprising an upper portion 316a, a lower portion
316b and an intermediate portion 316¢ (e.g., a grille). A
plurality of ports, holes or apertures 316d in the upper
portion 316a allow sound to pass through to one or more
microphones 315 (Figure 3C) positioned within the hous-
ing 316. The one or more microphones 315 are config-
ured to received sound via the apertures 316d and pro-
duce electrical signals based on the received sound. In
the illustrated embodiment, a frame 316e (Figure 3C) of
the housing 316 surrounds cavities 316f and 316g con-
figured to house, respectively, a first transducer 314a
(e.g., a tweeter) and a second transducer 314b (e.g., a
mid-woofer, a midrange speaker, a woofer). In other em-
bodiments, however, the NMD 320 includes a single
transducer, or more than two (e.g., two, five, six) trans-
ducers. In certain embodiments, the NMD 320 omits the
transducers 314a and 314b altogether.

[0070] Electronics 312 (Figure 3C) includes compo-
nents configured to drive the transducers 314a and 314b,
and further configured to analyze audio data correspond-
ing to the electrical signals produced by the one or more
microphones 315. In some embodiments, for example,
the electronics 312 comprises many or all of the compo-
nents of the electronics 112 described above with respect
to Figure 1C. In certain embodiments, the electronics 312
includes components described above with respect to
Figure 1F such as, for example, the one or more proc-
essors 112a, the memory 112b, the software compo-
nents 112c, the network interface 112d, etc. In some em-
bodiments, the electronics 312 includes additional suit-
able components (e.g., proximity or other sensors).
[0071] Referring to Figure 3D, the user interface 313
includes a plurality of control surfaces (e.g., buttons,
knobs, capacitive surfaces) including a first control sur-
face 313a (e.g., a previous control), a second control
surface 313b (e.g., a next control), and a third control
surface 313c (e.g., a play and/or pause control). A fourth
control surface 313d is configured to receive touch input
corresponding to activation and deactivation of the one
or microphones 315. A first indicator 313e (e.g., one or
more light emitting diodes (LEDs) or another suitable il-
luminator) can be configured to illuminate only when the
one or more microphones 315 are activated. A second
indicator 313f (e.g., one or more LEDs) can be configured
to remain solid during normal operation and to blink or
otherwise change from solid to indicate a detection of
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voice activity. In some embodiments, the user interface
313 includes additional or fewer control surfaces and il-
luminators. In one embodiment, for example, the user
interface 313 includes the first indicator 313e, omitting
the second indicator 313f. Moreover, in certain embodi-
ments, the NMD 320 comprises a playback device and
a control device, and the user interface 313 comprises
the user interface of the control device.

[0072] Referring to Figures 3A-3D together, the NMD
320 is configured to receive voice commands from one
or more adjacent users via the one or more microphones
315. As described above with respect to Figure 1B, the
one or more microphones 315 can acquire, capture, or
record sound in a vicinity (e.g., a region within 10m or
less of the NMD 320) and transmit electrical signals cor-
responding to the recorded sound to the electronics 312.
The electronics 312 can process the electrical signals
and can analyze the resulting audio data to determine a
presence of one or more voice commands (e.g., one or
more activation words). In some embodiments, for ex-
ample, after detection of one or more suitable voice com-
mands, the NMD 320 is configured to transmit a portion
of the recorded audio data to another device and/or a
remote server (e.g., one or more of the computing devic-
es 106 of Figure 1B) for further analysis. The remote
server can analyze the audio data, determine an appro-
priate action based on the voice command, and transmit
a message to the NMD 320 to perform the appropriate
action. For instance, a user may speak "Sonos, play
Michael Jackson." The NMD 320 can, via the one or more
microphones 315, record the user’s voice utterance, de-
termine the presence of a voice command, and transmit
the audio data having the voice command to a remote
server (e.g., one or more of the remote computing devic-
es 106 of Figure 1B, one or more servers of a VAS and/or
another suitable service). The remote server can analyze
the audio data and determine an action corresponding
to the command. The remote server can then transmit a
command to the NMD 320 to perform the determined
action (e.g., play back audio content related to Michael
Jackson). The NMD 320 can receive the command and
play back the audio content related to Michael Jackson
from a media content source. As described above with
respect to Figure 1B, suitable content sources can in-
clude a device or storage communicatively coupled to
the NMD 320 via a LAN (e.g., the network 104 of Figure
1B), a remote server (e.g., one or more of the remote
computing devices 106 of Figure 1B), etc. In certain em-
bodiments, however, the NMD 320 determines and/or
performs one or more actions corresponding to the one
or more voice commands without intervention or involve-
ment of an external device, computer, or server.

[0073] Figure 3Eis afunctional block diagram showing
additional features of the NMD 320 in accordance with
aspects of the disclosure. The NMD 320 includes com-
ponents configured to facilitate voice command capture
including voice activity detector component(s) 312k,
beam former components 312I, acoustic echo cancella-
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tion (AEC) and/or self-sound suppression components
312m, activation word detector components 312n, and
voice/speech conversion components 3120 (e.g., voice-
to-text and text-to-voice). In the illustrated embodiment
of Figure 3E, the foregoing components 312k-3120 are
shown as separate components. In some embodiments,
however, one or more of the components 312k-3120 are
subcomponents of the processors 112a.

[0074] The beamforming and self-sound suppression
components 312l and 312m are configured to detect an
audio signal and determine aspects of voice input repre-
sented in the detected audio signal, such as the direction,
amplitude, frequency spectrum, etc. The voice activity
detector activity components 312k are operably coupled
with the beamforming and AEC components 312 and
312m and are configured to determine a direction and/or
directions from which voice activity is likely to have oc-
curred in the detected audio signal. Potential speech di-
rections can be identified by monitoring metrics which
distinguish speech from other sounds. Such metrics can
include, for example, energy within the speech band rel-
ative to background noise and entropy within the speech
band, which is measure of spectral structure. As those
of ordinary skill in the art will appreciate, speech typically
has a lower entropy than most common background
noise. The activation word detector components 312n
are configured to monitor and analyze received audio to
determine if any activation words (e.g., wake words) are
present in the received audio. The activation word de-
tector components 312n may analyze the received audio
using an activation word detection algorithm. If the acti-
vation word detector 312n detects an activation word,
the NMD 320 may process voice input contained in the
received audio. Example activation word detection algo-
rithms accept audio as input and provide an indication of
whether an activation word is present in the audio. Many
first- and third-party activation word detection algorithms
are known and commercially available. For instance, op-
erators of a voice service may make their algorithm avail-
able for use in third-party devices. Alternatively, an algo-
rithm may be trained to detect certain activation words.
In some embodiments, the activation word detector 312n
runs multiple activation word detection algorithms on the
received audio simultaneously (or substantially simulta-
neously). As noted above, different voice services (e.g.
AMAZON's ALEXA®, APPLE’s SIRI®, or MICROSOFT’s
CORTANA®) can each use a different activation word for
invoking their respective voice service. To support mul-
tiple services, the activation word detector 312n may run
the received audio through the activation word detection
algorithm for each supported voice service in parallel.
[0075] The speech/text conversion components 3120
may facilitate processing by converting speech in the
voice input to text. In some embodiments, the electronics
312 can include voice recognition software that is trained
to a particular user or a particular set of users associated
with a household. Such voice recognition software may
implement voice-processing algorithms that are tuned to
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specific voice profile(s). Tuning to specific voice profiles
may require less computationally intensive algorithms
than traditional voice activity services, which typically
sample from a broad base of users and diverse requests
that are not targeted to media playback systems.
[0076] Figure 3F is a schematic diagram of an example
voice input 328 captured by the NMD 320 in accordance
with aspects of the disclosure. The voice input 328 can
include an activation word portion 328a and a voice ut-
terance portion 328b. In some embodiments, the activa-
tion word 557a can be a known activation word, such as
"Alexa," which is associated with AMAZON’s ALEXA®.
In other embodiments, however, the voice input 328 may
not include an activation word. In some embodiments, a
network microphone device may output an audible and/or
visible response upon detection of the activation word
portion 328a. In addition or alternately, an NMB may out-
put an audible and/or visible response after processing
a voice input and/or a series of voice inputs.

[0077] The voice utterance portion 328b may include,
for example, one or more spoken commands (identified
individually as a first command 328c and a second com-
mand 328e) and one or more spoken keywords (identi-
fied individually as a first keyword 328d and a second
keyword 328f). In one example, the first command 328c
can be a command to play music, such as a specific song,
album, playlist, etc. In this example, the keywords may
be one or words identifying one or more zones in which
the music is to be played, such as the Living Room and
the Dining Room shown in Figure 1A. In some examples,
the voice utterance portion 328b can include other infor-
mation, such as detected pauses (e.g., periods of non-
speech) between words spoken by a user, as shown in
Figure 3F. The pauses may demarcate the locations of
separate commands, keywords, or other information
spoke by the user within the voice utterance portion 328b.
[0078] Insomeembodiments, the media playback sys-
tem 100 is configured to temporarily reduce the volume
of audio content that it is playing while detecting the ac-
tivation word portion 557a. The media playback system
100 may restore the volume after processing the voice
input 328, as shown in Figure 3F. Such a process can
be referred to as ducking, examples of which are dis-
closed in U.S. Patent Application No. 15/438,749.

IV. Playback characteristics based on listener location

[0079] Figure 4 shows a representation of a playback
environment 401 occupied by a listener 403. The play-
back environment 401 in this example is a living room
110f (Fig 1A). Other examples may be applied to any
other environment in which playback devices are in-
stalled. For clarity, the playback environment 401 is
shown as being substantially rectangular, but it will be
appreciated that other playback environments may have
different sized and/or shapes, and may contain any
number of additional features, for example furniture
and/or doorways, which may affect the acoustic proper-
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ties ofthe playback environment. Other examples of play-
back environments include interiors of vehicles and/or
commercial settings, as discussed above. A playback
environment may correspond to a playback zone in a
playback system such as that described above with ref-
erenceto Figure 1A, thoughin other examples a playback
environment may only be part of a playback zone, or
alternatively may incorporate multiple playback zones.
[0080] The playback environment 401 contains a play-
back device 410 configured to perform audio reproduc-
tion from a media source. The playback device is sub-
stantially as described above with reference to Figure 1C
butincludes microphones. As shown in Figure 5, the play-
back device 410 includes input/output 411, electronics
412, a user interface 413, one or more transducers 414,
and one or more microphones 415. In this example, the
transducers 414 include atweeter414athatis configured
to generate sound signals having a relatively high fre-
quency (for example between about 2kHz and about
22kHz) and a mid-woofer 414b that is configured to gen-
erate low- to mid-frequency acoustic waves (for example,
acoustic waves having a frequency of between about 40
Hz and about 2 kHz). Other examples of playback devic-
es configured to perform the methods described hereaf-
ter may include more or fewer transducers, and may in-
clude other types of transducer, for example a subwoofer,
or may omit any of the above-mentioned types of trans-
ducer. Furthermore, the methods described hereafter
may be performed by a bonded playback device as de-
scribed above with reference to Figure 1E.

[0081] The electronics 412 of the playback device 410
in this example include equivalent components to the
electronics 112 of the playback device 110 described
above with reference to Figure 1C, and additionally in-
clude audio processing components for processing
sound signals received by the one or more microphones
415. ltis noted that the methods described hereafter may
be performed by an NMD incorporating a playback de-
vice, or by a playback device incorporating an NMD. For
example, the NMD 320 (Figure 3C), which includes one
or more transducers 314 that may be used for audio re-
production, may be configured to perform the methods
described hereafter.

[0082] The playback device 410 is arranged to select
a characteristic of audio reproduction based on a location
of a person, for example listener 403, with respect to the
playback device 403. Examples of characteristics that
may be selected include a volume of audio reproduction
or equalization levels for audio reproduction. Further ex-
amples of characteristics of audio reproduction will be
described in detail hereafter. As will be apparent from
these examples, selecting a characteristic of audio re-
production based on a location of a listener may result
in an improved or enhanced listening experience for the
listener, and/or further additional or improved aspects of
user experience for the listener.

[0083] Figure 6 is a flow diagram of a method 600 in
which the playback device 410 selects a characteristic
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of audio reproduction based on a location of a person
relative to the playback device 410. The playback device
410 transmits, at S610, a first sound signal containing a
predetermined waveform. In this example, the first sound
signal is an up-chirp which is a sound signal having a
frequency that increases with time in a predetermined
manner. Other examples of sound signals that may be
transmitted include a down-chirp (a sound signal having
a frequency that decreases with time in a predetermined
manner), constant-frequency pulse, or Frequency-Mod-
ulated Continuous Wave (FMCW) signals. In the exam-
ple of Figure 4, a first sound signal 405 is transmitted by
the playback device 410 into the playback environment
401. The first sound signal 405 is represented in Figure
4 as aray. It will be appreciated that a ray is an idealized
model of a sound wave, and corresponds to a direction
of energy flow that is locally perpendicular to wave fronts
of the sound wave.

[0084] In the present embodiment, the first sound sig-
nal 405 is an ultrasonic sound signal generated by the
tweeter414a. An ultrasonic sound signal has afrequency
that is higher than the highest frequency of sound that is
audible to an average person, for example higher than
20kHz. It is noted that the highest audible sound varies
significantly between people, so for the purpose of the
present disclosure, an ultrasonic sound signal may be
considered to have a frequency that remains above
20kHz for the duration of the sound signal. As mentioned
above, the tweeter 414a is configured to generate sound
signals having a frequency of between about 2kHz and
22kHz, and therefore is configured to generate ultrasonic
sound signals with a frequency of between about 20kHz
and 22kHz. Transducers such as tweeters may be man-
ufactured to be able to generate sound signals outside
the audible range of human hearing in order to reduce
detrimental effects associated with roll-off near the ex-
tremes of the audible hearing range. In the present ex-
ample, the first sound signal 405 is an ultrasonic chirp
with a duration of about 10ms, with a frequency that rises
in a predetermined manner within a range of between
about 20kHz and 22kHz. In other examples, however,
the tweeter 414 is configured to generate sound signals
having frequencies greater than 22kHz (e.g., sound sig-
nals having frequencies 25kHz and higher).

[0085] Under standard temperature and pressure
(STP) conditions, ultrasound waves in the frequency
ranges discussed above typically have wavelengths less
than about 2cm. Due to the relatively short wavelength
of ultrasonic sound waves relative to the size of many
transducers (including tweeter 414a) and/or apertures
through which sound signals are emitted, angular disper-
sion or angular spread of ultrasonic sound signals gen-
erated by such transducers is limited to a relatively nar-
row angle (e.g., less than about 10 degrees from normal,
less than about 5 degrees from normal, or less than about
1 degree from normal). As a result, ultrasonic sound sig-
nals may be transmitted as a relatively narrow beam, in
contrast to lower frequency sound signals for which dif-
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fractive effects cause wide-angle dispersion. This makes
ultrasonic sound waves suitable for use in the present
method, for the reasons described hereafter.

[0086] Returning to the method of Figure 6, the play-
back device 410 receives, at S620, a second sound sig-
nal using the one or more microphones 415. The second
sound signal contains at least one reflection of the first
sound signal. In the example of Figure 4, three reflections
407a, 407b, and 407c (collectively referred to as reflec-
tions 407) of the first sound signal 405 are shown, each
reflection represented by a ray. The first reflected ray
407a corresponds to a reflection of the first sound signal
405in which the first sound signal 405 is normally incident
on part of the listener 403, and accordingly is reflected
directly back to the playback device 410. The second
reflected ray 407b corresponds to a reflection of the first
sound signal 405 in which the first sound signal 405 is
obliquely incident on part of the listener 403, and is re-
flected indirectly back to the playback device 410, having
first been reflected off the left hand wall of the playback
environment 401. The third reflected ray 407c¢ also cor-
responds to a reflection of the first sound signal 405 in
which the first sound signal 405 is reflected indirectly back
to the playback device 410, in this case having first been
reflected off three walls of the playback environment 401.
In reality, the propagation of sound waves in the playback
environment 410 will be complicated by, for example,
diffractive effects, and many other reflections will be
present in a reverberant environment such as the play-
back environment410. The reflected rays 407 are includ-
ed for illustrative purposes only.

[0087] Although the number of reflections of the sound
signal 405 is likely to be large, the relatively narrow beam
angle of the first sound signal 405 reduces the likelihood
that direct reflections of the first sound signal 405 from
the back wall or side walls (shown in Figure 4 as the left,
right, and lower walls) are present because the beam
may be blocked before reaching them. In the specific
arrangement shown in Figure 4, the first reflected ray to
reach the playback device 410 is the ray 407a reflected
directly from the listener403. In other arrangements, rays
reflected directly or indirectly from other objects of fea-
tures within a playback environment may reach a play-
back device before any ray directly reflected from a per-
son. In some arrangements, for example where a listener
is not located within a path of a beam transmitted by a
playback device, there may not be any significant direct
reflection from the listener.

[0088] Thesecond sound signalisprocessed, at S630,
to determine a location of a person relative to the play-
back device 410. In the present embodiment, audio
processing components of the electronics 412 of the
playback device 410 process the second sound signal.
However, playback devices in other embodiments may
alternatively be arranged to send data to a remote com-
puter system for remote processing. In some of these
examples, a playback device is arranged to transmit, us-
ing a networkinterface, data indicative of a second sound
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signal to a computing system for remote processing. The
computing system is arranged to process the second
sound signal and transmit, using the network interface,
data indicative of the location of the person relative to
the playback device. The playback device is arranged to
receive the data indicative of the location of the person,
thereby to determine the location of the person relative
to the playback device.

[0089] A location of a person may be determined in a
variety of ways. In some examples, a feature within a
received second sound signal is identified as being a
reflection of a transmitted signal by a person. An example
of a feature within a received sound signal is a reflection
of all or part of a predetermined waveform, or a peak in
amplitude in the received signal. A reflection of a trans-
mitted signal by a person may be direct or indirect, as
discussed above with reference to Figure 4. If a feature
is identified as being a direct reflection of a transmitted
signal by a person, a distance from the playback device
to the person can be determined using echo-location or
range-finding techniques, whereby the distance is deter-
mined using the equation d = ct/2, where d is the distance
from the playback device to the determined location of
the person, tis the time between transmission of a feature
within the transmitted signal and receipt of a correspond-
ing feature within the received signal, and c is the speed
of sound in air (approximately 340m/s under STP condi-
tions). Identifying a feature as a direct reflection by a per-
son may include comparing a received sound signal with
a baseline signal received when no person is present in
the playback environment, and identifying from the com-
parison one or more additional features in the sound sig-
nal received when a person is present in the playback
zone. The first such feature to appear in the received
signal may be determined to be a direct reflection by a
person. For examples where echo-location techniques
are employed to determine a location of a person, sound
signals containing a predetermined FMCW (for example,
a chirp) allow for improved distance resolution, as cross-
correlation may be used to match the reflected signal
with a reference signal containing the FMCW with a given
temporal offset.

[0090] The baseline signal may be a signal transmitted
at a time when no one is likely to be in the room, such
as a time between midnight and 6am, between 1am and
5am, or between 2am and 4am, for example at about
3am, about 4am, or about 5am. The comparison may
identify differences from the baseline signal, e.g. by sub-
tracting the baseline signal from the received signal. Us-
ing a baseline signal can remove the effects of both the
self-response of the playbacks device and the response
from furniture and other items in the environment. In
some examples, the baseline signal may be transmitted
and measured periodically, for example once a day, once
a week, or once a month to identify potential changes
such as changes in the position of furniture and/or other
items in the environment. The baseline signal may be
established from a single measurement of from a plurality
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of measurements, e.g. by taking an average.

[0091] Figure 7 shows an example of 1250 data sam-
ples generated by passing a sound signal received by a
playback device through a multi-stage noise-shaping
(MASH) modulator. Each of the discrete peaks in the
data corresponds to an amplitude peak in the received
second sound signal. In this example, the first peak 702
corresponds to a self-response of the playback device
caused by a transducer of the playback device transmit-
ting a first sound signal. The second peak 704 corre-
sponds to a direct reflection of the first sound signal by
a person (similar to the reflection 407a of Figure 4). The
third peak 706 corresponds to an indirect reflection of the
first sound signal by a person (similar to the reflection
407b of Figure 4).

[0092] Insome examples, processing a second sound
signal to determine a location of a person relative to a
playback device includes disregarding a portion of the
second sound signal corresponding to a self-response
of the playback device. A playback device may have a
significant self-response for at least a part of the frequen-
cy range generated by the playback device. A self-re-
sponse may be, for example, a resonance of all or part
of the playback device induced by a transducer of the
playback device generating a sound signal, and/or inter-
nal reflections of a generated sound signal within the
playback device. In some examples, the self-response
may be the most prominent feature of a sound signal
received by a microphone of the playback device. This
is in contrast with devices solely or primarily designed to
perform echo-location, for example sonar transceivers,
which are designed to minimize self-response. Disre-
garding a portion of the received second sound signal
corresponding to a self-response of the playback device
may improve the accuracy with which a location of a per-
son is determined, especially where determining a loca-
tion of a person involves determining a correspondence
between the received second sound signal and stored
signal data, examples of which will be described in detail
hereafter. Disregarding a portion of the received sound
signal may include disregarding a portion of the signal
having a predetermined duration. The predetermined du-
ration for a given playback device will depend on the self-
response of the given playback device, and may be dif-
ferent for different models of playback device. In some
examples, the microphone is activated only after the por-
tion of the second sound signal is expected to be re-
ceived, resulting in the portion being disregarded auto-
matically.

[0093] As discussed above with reference to Figure
1C, some playback devices incorporate multiple micro-
phones, for example as part of a microphone array. In
such examples, signals received from two or more of the
microphones may be processed to determine an angular
component of a location from which a signal is reflected.
In some examples, two microphones each receive a sig-
nal containing at least one reflection of a transmitted first
sound signal. The two received signals are processed to
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determine a delay between the two received signals. For
example, a cross-correlation may be determined be-
tween the two signals for a range of candidate delays,
and the delay giving rise to a highest value of the cross-
correlation is determined to be the delay between the two
signals. Signals containing FMCWs are particularly suit-
able for such applications, as an FCMW can be arranged
such that an autocorrelation of the FCMW (a cross cor-
relation between the FCMW and a delayed copy of the
FCMW) is uniquely maximized for a delay of zero. This
is in contrast to signals having fixed frequencies, in which
signal offsets corresponding to a multiple of a wavelength
may give rise to further autocorrelation maxima.

[0094] Figure 8 shows a top-down view in which a first
sound signal transmitted by a playback device and con-
taining a predetermined waveformis reflected from a per-
son P in a playback environment. Two microphones 815a
and 815b, which have apertures separated by a distance
d (as measured, in this example, between the centers of
the apertures) each receive a respective sound signal
containing a reflection of the transmitted sound signal by
the person P. The first microphone 815areceives asound
signal corresponding to the reflected ray 802a, and the
second microphone 815b receives a sound signal corre-
sponding to the reflected ray 802b. A line BC passes
through the center of the aperture of the second micro-
phone 815b, and is perpendicular to a line AB passing
through the centers of the apertures of the microphones
815a and 815b. An angle dbetween the line BP (corre-
sponding to the direction of the reflected ray 802b) and
line BC is an angular component of the location of the
person P from the playback device. In this example, the
distance BP between the person and the second micro-
phone 815b is much greater than the distance d between
the microphones 815a and 815b, and the angle fis there-
fore approximately equal to an angular component of the
location of the person P from any point on the line seg-
ment AC between the two microphones 815a and 815b.
In many examples, the distance between two micro-
phones of a playback device is small (for example less
than 10mm or less than 5mm), and therefore it is expect-
ed thatthe distance from the playback device to a listener
will be much greater than the distance between the two
microphones.

[0095] The difference in length between the line seg-
ment BP and the line segment AP is Al, corresponding
to the difference in path length between the rays 802a
and 802b. The difference Al in path length is related to a
delay At between the sound signals received by the two
microphones 802a and 802b by the equation Al = vAf,
where v is the speed of sound in air (approximately
340m/s under STP conditions). The angular component
dof the location of the person P from the playback device
is given by 6= arcsin(Al/d) = arcsin(vAt/d), where arcsin
denotestheinverse of the sine function for angles within
the interval -7/12 < 6 < #/2 (measured in radians). By
processing the sound signals received by the micro-
phones 815a and 815b, for example by determining a
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cross-correlation to determine the delay At and then us-
ing the above equation to calculate 6, an angular com-
ponent of the location P of the person may be determined.
[0096] In many situations, identifying a peak in signal
amplitude as being caused by a direct reflection from a
person is not straightforward, for example due to reflec-
tions from other objects in a reverberant environment. In
such cases, range-finding techniques and/or delay anal-
ysis as described above may be less suitable for deter-
mining a location of a person with respect to a playback
device. An alternative method of determining a location
of a person involves storing location data or calibration
data associating stored sound signal data received when
a person is at known locations within the playback envi-
ronment. An unknown location of a person is then deter-
mined to be the same as the known location associated
with the stored signal, based on a correspondence be-
tween a received second sound signal and the stored
sound signal. For example, a playback device may store
location data associating each of a set of stored sound
signals with a respective location of a person. Upon re-
ceiving a second sound signal containing one or more
reflections of a transmitted first sound signal, a location
of the person may be determined based on a best cor-
respondence between the received second sound signal
and one of the stored sound signals. A correspondence
can be measured according to any suitable metric, and
a location of a person may be determined only if a metric
score for a received second sound signal is higher than
a predetermined threshold value.

[0097] In some examples, configuration data is stored
corresponding to a sound signal received when no per-
son is present in the playback environment. If a best cor-
respondence with areceived second signal is determined
to be with this configuration data, it is determined that no
person is in the playback environment. This method
avoids a location of a person being erroneously deter-
mined when no person is in the playback environment.
Some examples may also apply the determination that
a person is unlikely to be present in the playback envi-
ronment to take appropriate action, such as ceasing or
pausing audio reproduction by playback devices associ-
ated with the playback environment.

[0098] Figure 9is a flow diagram of a calibration meth-
od 900 in which a playback device (e.g., the playback
device 410 of Figures 4 and 5) is prepared for being used
to determine a location of a person using stored location
data. The playback device transmits, at S910, a third
sound signal containing a predetermined waveform,
when a person is at a known location relative to the play-
back device. In some examples, a user may specify a
known location within a playback environment, for exam-
ple using a control device (e.g., the control device 130a
of Fig. 1H) connected via a network to the playback de-
vice. In other examples, a user may be directed to posi-
tion themselves in a predetermined known location, for
example by providing an instruction to the user. Such an
instruction may be audible, transmitted by a playback
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device or any other device in the playback system which
is capable of audio reproduction. Such aninstruction may
be visual, for example using a display on the control de-
vice or other device in the playback system. Examples
of known locations may include sitting on a particular
chair, sitting in a particular position on a particular sofa,
and standing in a doorway. Known locations may also
be expressed in terms relative to a particular playback
device or group of playback devices, such as "center" or
"off-center”, "left" or "right", and so on. It will be appreci-
ated that if a person is determined to be sitting in the
chair, the person may, in fact, be standing in front of the
chair. In this way, each known location is associated with
a region of the playback environment.

[0099] The playback device receives, at S920, a fourth
sound signal containing at least one reflection of the third
sound signal. Location data is stored, at S930, which
includes data indicative of the fourth sound signal and
further indicative of an association between the fourth
sound signal and the known location of the person. In
this example, the location data is stored in memory of
the playback device itself. In some examples, location
data may be sent to a remote computing system for stor-
age, for example a computing system that is configured
to process a second sound signal to determine a location
of a person. In some examples, the location data may be
sentto other devices on the playback network for storage,
such as another playback device.

[0100] In the examples described above, a corre-
spondence between two sound signals may be deter-
mined in any suitable manner. For example, a corre-
spondence may be determined by comparing relative or
absolute amplitudes and/or timings of a highest prede-
termined number of local peaks in the amplitude of the
two sound signals. A metric score may then be deter-
mined in accordance with how closely matching the am-
plitudes and/or timings are, and/or the order in which the
highest predetermined number of peaks occur in the sig-
nal. In another example, a correspondence may be de-
termined by computing a correlation between the re-
ceived second sound signal and each of the stored sec-
ond sound signals.

[0101] In some examples in which location data is
stored for determining a location of a person, a playback
device may be moved between different positions or ori-
entations within a playback environment, or between dif-
ferent playback environments (for example, between dif-
ferentrooms in a house). In such examples, the playback
device may store location data for each of a set of orien-
tations, where the location data stored for each sound
signal is associated with an orientation of the playback
device. Figure 10 shows an example of a hierarchical
data structure for storing location data associated with
different orientations of a playback device. In this exam-
ple, location data is stored for eight different locations A-
H of a person relative to the playback device. Locations
A, B, and C are associated with a first orientation of the
playback device. Locations D, E, and F are associated
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with a second orientation of the playback device, and
locations G and H are associated with a third orientation
of the playback device. In this example, orientation 1 and
orientation 2 are different orientations of the playback
device within the same room of a house (i.e. within the
same playback environment). Orientation 3 is an orien-
tation of the playback device within a different room of
the house (i.e. within a different playback environment).
Location data for each of the location includes signal data
which is indicative of a received sound signal, and each
set of stored signal data is associated with a respective
location of a person relative to the playback device.
[0102] In an example in which location data is associ-
ated with an orientation of a playback device, for example
as shown in Figure 10, determining alocation of a person
relative to the playback device may include first deter-
mining an orientation of the playback device.

[0103] If, for example, the playback device is deter-
mined to be in orientation 1, processing a received sound
signal to determine the location of the person may include
comparing the received sound signal with signaldata 1.1,
signal data 1.2, and signal data 1.3, but not with signal
data associated with orientation 2 or orientation 3. This
may increase the accuracy with which a location of a
person may be located, because fewer sets of signal data
are required to be compared with the received sound
signal. If, forexample, determining a correspondence be-
tween the received second sound signal and a stored
candidate signal involves determining a best correspond-
ence between the received second sound signal and
each set of stored candidate signals, comparing the re-
ceived signal with fewer stored candidate signals may
result in fewer erroneous results. Furthermore, compar-
ing with fewer candidate signals reduces the amount of
processing that needs to be performed in order to deter-
mine the location of the person, resulting in faster deter-
mination of the location of the person.

[0104] Orientation can be determined in several ways.
For example, an accelerometer within the device may be
used to determine whether the device is positioned hor-
izontally or vertically, a stored variable may be read to
determine the orientation, or the orientation may be de-
termined with reference to external devices, such as con-
nection of the playback device to a particular docking
station. In some examples, determining an orientation of
a playback device may include receiving a user input, for
example using a control device associated with the play-
back device. For example, a user may move the playback
device from a known orientation in a kitchen (orientation
1, for example) to a known orientation in a living room
(orientation 2, for example), and use the control device
to inform the playback device (or a computing system
performing processing on behalf of the playback device)
that the playback device is now in orientation 2. In other
examples, determining an orientation of a playback de-
vice may include detecting a change in the orientation of
the playback device from the received sound signal itself.
For example, a playback device may transmit a sound
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signal containing a predetermined waveform, and re-
ceive a sound signal containing reflections of the trans-
mitted sound signal. The playback device may determine
that the received sound signal does not correspond to
any of the stored signal data associated with orientation
1 (including signal data corresponding to orientation 1
when no person is present in the kitchen), and search
for signal data associated with orientation 2 and orienta-
tion 3. If a correspondence is determined between the
received signal and signal data associated with orienta-
tion 2 (for example, signal data 2.2), the playback device
is determined to be in orientation 2.

[0105] Inexamplesinwhichlocationdatais associated
with orientations of a playback device, calibration of the
playback device may include a modification of the routine
of Figure 9 in which the orientation of the playback device
is determined before or after the third sound signal is
transmitted, and storing the location data includes asso-
ciating the fourth sound signal with the determined ori-
entation of the playback device. The orientation of the
playback device may be determined in any suitable man-
ner, as discussed above.

[0106] Returning now to the method 600 of Figure 6,
a characteristic of audio reproduction by the playback
device is selected at S640, based on the determined lo-
cation of the person. As mentioned above, an example
of a characteristic of audio reproduction is a volume of
the audio reproduction. Other characteristics of audio re-
production may also be selected, for example those de-
scribed in detail with reference to Figure 11 below. In the
example of Figure 4, the playback device 410 may de-
termine that the listener 403 is located close to the play-
back device 410, and accordingly may select a low vol-
ume for audio reproduction. At a later time, the playback
device 410 may determine that the listener 403 is located
further away from the playback device 410, and may se-
lect a higher volume for audio reproduction. By periodi-
cally determining the location of the listener 413, and
adjusting the volume in this way, the apparent volume of
the audio reproduction experienced by the listener 413
may be substantially constant as the listener moves
throughout the playback environment.

[0107] More generally, a playback device having per-
formed the method 600 of Figure 6 to determine a first
location of a person, and selected a characteristic of au-
dio production based on the determined first location,
may at a later time transmit a third sound signal contain-
ing the predetermined waveform. The playback device
may subsequently receive a fourth sound signal contain-
ing at least one reflection of the third sound signal. The
playback device (or a computing system associated with
the playback device) may process the fourth sound signal
to determine a second location of a person, where the
second location is different to the first location. The play-
back device may then adjust the characteristic of audio
reproduction based on the determined second location
of the person. In some examples, a playback device fre-
quently transmits signals to determine a location of a per-
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son in this way, resulting in seemingly real-time adjust-
ment of playback characteristics as a listener moves
around a playback environment. A playback device may
transmit signals for determining a location of a person at
regular or irregular intervals, for example of at intervals
greater than every 10 seconds, at intervals greater than
1 second, or at intervals greater than every 0.1 seconds.
[0108] Insome examples, a playback device may per-
form audio reproduction from a media source simultane-
ously with transmitting a first sound signal containing a
predetermined waveform. The playback device may sub-
sequently receive a second sound signal containing at
least one reflection of the first signal by a person, and
process the received second signal to determine a loca-
tion of the person relative to the playback device without
interrupting the audio reproduction. In this way, charac-
teristics of the audio reproduction may be selected and/or
adjusted as the audio reproduction is performed, allowing
the playback device to adapt to the location of the person.
In such examples, the second sound signal received by
the playback device may include reflections of audio be-
ing played back by the playback device. Such reflections
will depend on the audio being played back, and therefore
it is necessary to be able to distinguish reflections of the
transmitted first sound signal from reflections of the audio
being played back. This may be achieved, for example,
by identifying the reflection of the predetermined wave-
form in the received second signal. In some examples,
the first signal and the audio may be generated and trans-
mitted simultaneously by the same transducer. In other
examples, an additional transducer may be included for
transmitting the first signal.

[0109] In some examples, a playback device may si-
multaneously perform audio reproduction and transmit
an ultrasonic first sound signal containing a predeter-
mined waveform for determining a location of a person.
Processing the received second signal may then include
passing the received second signal through a high-pass
filter with a cutoff frequency just below the lowest fre-
quency of the predetermined waveform (for example,
around 20kHz). This processing may substantially re-
move reflections of the audio being played back by the
playback device, as the majority of the signal power in
such audio is in the audible range below the lowest fre-
quency of the predetermined waveform. Using ultrasonic
signals to determine a location of a person may also
cause little or no detrimental effect to the quality of audio
reproduction, as the ultrasonic signal is substantially in-
audible to listeners, or inaudible to a majority of listeners.
[0110] Figure 11 shows an example of a playback en-
vironment 1101 occupied by a listener 1103. The play-
back environment 1101 contains four playback devices
1110i, 1110j, 1110k, 1110h, collectively referred to as
playback devices 1110, that can be configured for home
theater as described above with reference to Fig 1K. In
this example, the playback devices 1110 belong to the
same playback zone. A first playback device 1110h com-
prises one or more microphones and is configured to
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determine a location of a person and to select a charac-
teristic of audio reproduction in accordance with the
methods described herein. The playback environment
1101 also includes a sofa 1105, a desk 1107, a television
1109, and a doorway 1111. The playback devices 1110
are bonded, and are hence configured to synchronously
perform audio reproduction from a media source, as de-
scribed above with reference to Figures 1A-1M. In addi-
tion to determining a characteristic of audio production
by the first playback device 11 10a, the determined lo-
cation of a person, for example the listener 1103, may
be used to select a characteristic of audio production by
one or more of the other playback devices 1110. For ex-
ample, the first playback device 1110h may determine,
by processing reflected sound signals as described
above, that the listener 1103 is located on the sofa 1101,
and configure the playback devices for home theater op-
eration by selecting a particular audio channel or chan-
nels for audio reproduction by the first playback device
1110h The particular channel in this example may be a
surround channel or a home cinema channel in which
the first playback device 1110h is responsible for a par-
ticular part of the audio reproduction, and each of the
other playback devices 1110i, 1110j, 1 1 10k is respon-
sible for a respective part of the audio reproduction. In
this example, a respective surround channel is selected
for each of the playback devices 1110j, 1110k and a Low
Frequency Effects (LFE) channel is selected for the play-
back device 1110i.

[0111] At a later time, after having been located at the
sofa 1105, the listener 1103 may walk to the desk 1107.
The first playback device determines, by processing re-
flected sound signals as described above, that the person
is located atthe desk 1107. Accordingly, a different chan-
nel for audio reproduction by the first playback device
may be selected. The different channel may be, for ex-
ample, left and right stereo channels and the playback
devices 1110 may be configured for stereo reproduction.
Different channels may also be selected for audio play-
back by the other playback devices 1110, for example
left and right stereo channels may be selected for the
playback devices 1110j or 1110k respectively. Alterna-
tively, when the person is determined to be located at
the desk 1107, the playback devices 1110j and 1110k
may be reconfigures so that they are not part of the play-
back zone and no audio reproduction is performed. It will
be appreciated that the embodiment described with ref-
erence to Figure 11 is exemplary, and other arrange-
ments of playback devices, and accordingly other con-
figurations of audio channels are possible.

[0112] A further example of a characteristic of audio
reproduction that may be selected based on a deter-
mined location of a person is delay of audio reproduction
by a first playback device relative to corresponding audio
reproduction by another playback device bonded to the
first playback device. In the embodiment of Figure 11,
the playback devices 1110j, 1110k may be configured to
synchronously perform audio reproduction on respective
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surround sound channels. The listener 1103 may be de-
termined to be located closer to the playback device
1110j than to the playback device 1110k. The playback
device may then select a respective delay of audio re-
production by the playback devices 11 10j and 1110k.
By selecting a delay in this way, audio from different play-
back channels arrives at the listener 1103 substantially
in phase, improving the listening experience for the lis-
tener 1103.

[0113] Insome examples, a bonding, pairing, or group-
ing of playback devices may be altered dynamically
based on a determined location of a person. In the ex-
ample of Figure 11, ifa person is determined to be located
in or near the doorway 1111, playback devices in the next
room, which belong to a different playback zone to the
playback devices 1110, may be grouped with the play-
back devices 1110 so that the playback devices in the
two neighboring rooms may perform audio reproduction
synchronously. The person may therefore experience a
substantially seamless transition as the person moves
from the playback environment 1111 to the neighboring
playback environment. Alternatively, bonding or pairing
of playback devices within a single playback environment
may be altered depending on a determined location of a
person. Inthe example of Figure 11, the playback devices
1110h, 1110i, 1110j, 1110k, may only be mutually bond-
ed to form a playback zone when a person is determined
to be located on the sofa 1103. Otherwise, the playback
devices may each perform audio reproduction independ-
ently, or one or more subsets of the playback devices
may form respective playback zones.

[0114] In some examples, a playback device arranged
to determine a location of a person according to the meth-
ods described herein, may receive an audio signal in-
cluding a spoken input, and may associate the spoken
input with the determined location of the person. By as-
sociating a spoken input with a determined location of a
person, the playback device (or a computing system
processing the spoken input received by the playback
device) may ascertain additional information relating to
the spoken input. For example, the playback device may
receive a spoken input from a person which may use a
location-based context to interpret the input. This may
be an explicit statement, an utterance such as "near me",
"where | am" or implicit in the command, such as an ut-
terance to "turn down the volume" which may use a lo-
cation to determine for which playback devices volume
is turned down. Other examples are possible and in gen-
eral a spoken input may be associated with a determined
location of the person. The playback device may, for ex-
ample, adjust a characteristic of audio reproduction in
response to receiving the spoken input. Adjusting a char-
acteristic of audio reproduction in response to receiving
a spoken input may prevent unwanted adjustments of
characteristics, for example if a person temporarily
moves from the sofa 1105 of Figure 11 whilst the play-
back devices 1110 are configured in home cinema mode.
Alternatively, the spoken input may include a voice com-
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mand to control audio reproduction by the playback de-
vice. For example, a playback device may at a certain
time be in an idle mode and not performing audio repro-
duction, and may receive an audio signal including a spo-
ken input from a person saying, "turn the music on". The
playback device may associate the spoken input with a
determined location of the person, and begin audio re-
production with characteristics selected based on the de-
termined location of the person. In a further example, a
playback device may receive an audio signal from a per-
son saying, "turn the music down near me". The playback
device may reduce the volume of audio reproduction by
one or more playback devices near the determined loca-
tion of the person, but not reduce the volume of audio
reproduction by playback devices not near the deter-
mined location of the person.

[0115] In some examples, a spoken input may include
a voice command to control a further device, for example
afurther device other than a playback device. Inresponse
to receiving a spoken input, a playback device may send
a control signal to the further device dependent on a de-
termined location of a person. For example, a playback
device arranged to determine a location of a person ac-
cording to the methods described herein may be con-
nected via a network to one or more further devices, such
as athermostat (e.g., NEST® thermostat), an illumination
device (e.g., a PHILIPS HUE @ lighting device), or a fur-
ther media playback device (e.g., a Sonos® playback de-
vice). The playback device may receive an audio signal
containing a spoken input including a voice command to
control one of the further devices.

[0116] In one example, the listener 1103 in Figure 11
may initially be located on the sofa, watching a film on
the television 1109. The playback devices 1110 may be
configured to perform audio reproduction in a home cin-
ema mode, and lighting in the playback environment
1101 may be dimmed. The listener 1103 may subse-
quently stop watching the film, and walk to the desk 1107
to do some work. The playback device 1110a may then
determine that the listener 1103 is located at the desk
1107. The playback device 1110h may receive a spoken
input from the listener containing a voice command say-
ing, "turn the lights on over here". The playback device
1110h may associate the spoken input with the deter-
mined location of the person (at the desk 1107) and ac-
cordingly send a control signal to an illumination device
controlling the lighting in the playback environment 1101.
The illumination device may, in response to receiving the
control signal, turn on a light near the desk 1107. The
illumination device may further turn off the lights near the
sofa, or alternatively may undim the lights near the sofa.

IV. Conclusion

[0117] The above discussions relating to playback de-
vices, controller devices, playback zone configurations,
and media content sources provide only some examples
of operating environments within which functions and
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methods described below may be implemented. Other
operating environments and configurations of media
playback systems, playback devices, and network devic-
es not explicitly described herein may also be applicable
and suitable for implementation of the functions and
methods.

[0118] The above embodiments are to be understood
as illustrative examples of the invention. Further embod-
iments of the invention are envisaged. For example, mul-
tiple playback devices may be connected via a network
within a smart home environment, each being configured
to determine a location of a person within a respective
portion of the environment, for example a particular room
in the smart home, and to send control signals to devices
within the respective portion.

[0119] The description above discloses, among other
things, various example systems, methods, apparatus,
and articles of manufacture including, among other com-
ponents, firmware and/or software executed on hard-
ware. It is understood that such examples are merely
illustrative and should not be considered as limiting. For
example, itis contemplated that any or all of the firmware,
hardware, and/or software aspects or components can
be embodied exclusively in hardware, exclusively in soft-
ware, exclusively in firmware, or in any combination of
hardware, software, and/or firmware. Accordingly, the
examples provided are not the only ways) to implement
such systems, methods, apparatus, and/or articles of
manufacture.

[0120] Additionally, references herein to "embodi-
ment" means that a particular feature, structure, or char-
acteristic described in connection with the embodiment
can be included in at least one example embodiment of
an invention. The appearances of this phrase in various
places in the specification are not necessarily all referring
to the same embodiment, nor are separate or alternative
embodiments mutually exclusive of other embodiments.
As such, the embodiments described herein, explicitly
and implicitly understood by one skilled in the art, can be
combined with other embodiments.

[0121] The specification is presented largely in terms
of illustrative environments, systems, procedures, steps,
logic blocks, processing, and other symbolic represen-
tations that directly or indirectly resemble the operations
of data processing devices coupled to networks. These
process descriptions and representations are typically
used by those skilled in the art to most effectively convey
the substance of their work to others skilled in the art.
Numerous specific details are set forth to provide a thor-
ough understanding of the present disclosure. However,
it is understood to those skilled in the art that certain
embodiments of the present disclosure can be practiced
without certain, specific details. In other instances, well
known methods, procedures, components, and circuitry
have not been described in detail to avoid unnecessarily
obscuring aspects of the embodiments. Accordingly, the
scope of the present disclosure is defined by the append-
ed claims rather than the foregoing description of em-

10

15

20

25

30

35

40

45

50

55

22

42

bodiments.

[0122] When any of the appended claims are read to
cover a purely software and/or firmware implementation,
at least one of the elements in at least one example is
hereby expressly defined to include a tangible, non-tran-
sitory medium such as a memory, DVD, CD, Blu-ray, and
so on, storing the software and/or firmware.

Claims

1. A method for a playback device (410, 1110h), the
method characterized by comprising:

transmitting (S610), by a tweeter (414a) in the
playback device (410), an ultrasonic first sound
signal (405) comprising a predetermined wave-
form;

receiving (S620), by a microphone (415) in the
playback device (410), a second sound signal
comprising at least one reflection (407a, 407b,
407c) of the first sound signal (405);

causing, based on the second sound signal, a
location of a person (403, 1103) relative to the
playback device (410) to be determined (S630);
and

selecting (S640) a characteristic of audio repro-
duction by the playback device (410) based on
the determined location of the person (403,
1103).

2. The method of claim 1, wherein causing the location
of the person (403, 1103) to be determined compris-
es at least one of:

disregarding a portion of the second sound sig-
nal corresponding to a self-response of the play-
back device (410, 1110h); and

subtracting from the second sound signal a
baseline signal received by the microphone
(415) in the playback device when no person is
present in the playback environment.

3. The method of any preceding claim, comprising per-
forming, by the playback device (410, 1110h), audio
reproduction from a media source simultaneously
with transmitting the first sound signal.

4. The method of claim 3, further comprising:

transmitting the first sound signal (405) and re-
ceiving the second sound signal at predeter-
mined time intervals to determine respective lo-
cations of the person (403, 1103) at the prede-
termined time intervals; and

adjusting the characteristic of the audio repro-
duction from the media source at the predeter-
mined time intervals according to the current lo-



43
cation of the person (403, 1103).

The method of any preceding claim, wherein the
characteristic is at least one of:

a volume of the audio reproduction; and

a particular one or more channels for audio re-
production by the playback device (410, 1110h)
from a media source.

The method of any preceding claim, further compris-
ing,

when the determined location of the person
(403, 1103) is a first location, configuring one or
more playback devices for home theater play-
back in which the playback device (410, 1110h)
plays back a particular home cinema channel of
audio content; and

when the determined location of the person
(403, 1103)is asecond location, configuring one
or more playback devices for stereo playback in
which the playback device (410, 1110h) plays
back one of a left and right channel of audio con-
tent

The method of any preceding claim, further compris-
ing:

transmitting, by the tweeter (414a) in the play-
back device (410, 1110h), a third sound signal
comprising the predetermined waveform;
receiving, by the microphone (415) in the play-
back device (410, 1110h), a fourth sound signal
comprising at least one reflection of the third
sound signal;

causing, based on the fourth signal, a second
location of a person relative to the playback de-
vice (410, 1110h) to be determined; and
adjusting the characteristic of audio reproduc-
tion by the playback device (410, 1110h) based
on the determined second location of the per-
son.

8. The method of any preceding claim, comprising:

transmitting (S910), by the tweeter (414a) in the
playback device (410, 1110h), when a person
is at a known location relative to the playback
device (410, 1110h), a third sound signal com-
prising the predetermined waveform;

receiving (S920), by the microphone (415) in the
playback device (410, 1110h), a fourth sound
signal comprising at least one reflection of the
third sound signal; and

storing (S930) location data comprising data in-
dicative of the fourth sound signal and an asso-
ciation between the fourth sound signal and the
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known location,

wherein causing, based on the second sound
signal, the location of the person (403, 1103)
relative to the playback device (410, 1110h) to
be determined comprises determining, using the
location data, that the location of a person rela-
tive to the playback device (410, 1110h) is the
known location based on a correspondence be-
tween the second sound signal and the fourth
sound signal.

The method of claim 8, further comprising:

before transmitting the third sound signal, deter-
mining an orientation of the playback device
(410, 1110h);

wherein in the stored location data, the fourth
sound signal is associated with the determined
orientation of the playback device (410, 1110h).

The method of claim 9, wherein determining the ori-
entation of the playback device comprises detecting,
based on the fourth sound signal, the orientation of
the playback device (410, 1110h).

The method of any preceding claim, wherein caus-
ing, based on the second sound signal, the location
of the person (403, 1103) to be determined compris-
es identifying areflection of the predetermined wave-
form in the second sound signal.

The method of any preceding claim, comprising:

receiving, by the microphone (415) in the play-
back device, an audio signal including a spoken
input; and

associating the spoken input with the deter-
mined location of the person (403, 1103).

The method of claim 12, wherein the spoken input
includes a voice command to control a further device,
the method comprising:

sending a control signal from the playback device to
the further device dependent on the determined lo-
cation of the person (403, 1103).

The method of any preceding claim, comprising re-
ceiving a fifth sound signal by a further microphone
in the playback device (410, 1110h), the fifth sound
signal comprising at least one reflection of the first
sound signal,

wherein causing, based on the second sound signal,
the location of the person (403, 1103) to be deter-
mined comprises:

determining a delay between the second sound
signal and the fifth sound signal; and
determining, using the determined delay, an an-
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gular component of the first location from the
playback device (410, 1110h).

15. A playback device (410, 1103) comprising:

a tweeter (414a) configured to generate audio
signals;

a microphone (415); and

a processing system configured to cause the
playback device (410, 1103) to perform the
method of one of claims 1 to 14.

Patentanspriiche

Verfahren flir eine Wiedergabevorrichtung (410,
1110h), wobei das Verfahren dadurch gekenn-
zeichnet ist, dass es umfasst:

Senden (S610), durch einen Hochtdner (414a)
in der Wiedergabevorrichtung (410), eines ers-
ten Ultraschalltonsignals (405), umfassend eine
zuvor bestimmte Wellenform;

Empfangen (S620), durch ein Mikrofon (415) in
der Wiedergabevorrichtung (410), eines zwei-
ten Tonsignals, umfassend mindestens eine
Reflexion (407a, 407b, 407c) des ersten Tonsi-
gnals (405);

Veranlassen, dass, basierend auf dem zweiten
Tonsignal, ein Standort einer Person (403,
1103) relativ zu der Wiedergabevorrichtung
(410) bestimmt (S630) wird; und

Auswahlen (S640) einer Charakteristik der Au-
dioreproduktion durch die Wiedergabevorrich-
tung (410) basierend auf dem bestimmten
Standort der Person (403, 1103).

2. Verfahrennach Anspruch 1, wobeidas Veranlassen,

dass der Standort der Person (403, 1103) bestimmt
wird, mindestens eines umfasst von:

Ignorieren eines Abschnitts des zweiten Tonsi-
gnals, der einer Selbstreaktion der Wiederga-
bevorrichtung (410, 1110h) entspricht; und
Subtrahieren eines Basisliniensignals von dem
zweiten Tonsignal, das durch das Mikrofon
(415) in der Wiedergabevorrichtung empfangen
wird, wenn sich keine Person in der Wiederga-
beumgebung befindet.

Verfahren nach einemder vorstehenden Anspriiche,
umfassend das Durchfiihren, durch die Wiederga-
bevorrichtung (410, 1110h), einer Audioreprodukti-
on von einer Medienquelle gleichzeitig mit einer
Ubertragung des ersten Tonsignals.

Verfahren nach Anspruch 3, ferner umfassend:
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Senden des ersten Tonsignals (405) und Emp-
fangen des zweiten Tonsignals in zuvor be-
stimmten Zeitabstdnden, um die jeweiligen
Standorte der Person (403, 1103) in den zuvor
bestimmten Zeitabstdnden zu bestimmen; und
Anpassen der Charakteristik der Audiorepro-
duktion von der Medienquelle in den zuvor be-
stimmten Zeitintervallen entsprechend dem ak-
tuellen Standort der Person (403, 1103).

Verfahren nach einem dervorstehenden Anspriiche,
wobei die Eigenschaft mindestens eines ist von: ei-
ner Lautstarke der Audioreproduktion; und

einem speziellen einen oder mehreren Kanalen fir
die Audioreproduktion durch die Wiedergabevor-
richtung (410, 1110h) von einer Medienquelle.

Verfahren nach einem dervorstehenden Anspriiche,
ferner umfassend,

wenn der bestimmte Standort der Person (403,
1103) ein erster Standort ist, Konfigurieren einer
oder mehrerer Wiedergabevorrichtungen fir ei-
ne Heimkinowiedergabe, bei der die Wiederga-
bevorrichtung (410, 1110h) einen speziellen
Heimkinokanal von Audioinhalten wiedergibt;
und

wenn der bestimmte Standort der Person (403,
1103) ein zweiter Standort ist, Konfigurieren ei-
ner oder mehrerer Wiedergabevorrichtungen
fir eine Stereowiedergabe, bei der die Wieder-
gabevorrichtung (410, 1110h) einen von einem
linken und einem rechten Kanal von Audioinhal-
ten wiedergibt.

7. Verfahrennacheinem dervorstehenden Anspriiche,

ferner umfassend:

Ubertragen, durch den Hochténer (414a) in der
Wiedergabevorrichtung (410, 1110h), eines
dritten Tonsignals, umfassend die zuvor be-
stimmte Wellenform:;

Empfangen, durch das Mikrofon (415) in der
Wiedergabevorrichtung (410, 1110h), eines
vierten Tonsignals, umfassend mindestens eine
Reflexion des dritten Tonsignals;

Veranlassen, dass, basierend auf dem vierten
Signal, ein zweiter Standort einer Person relativ
zu der Wiedergabevorrichtung (410, 1110h) be-
stimmt wird; und

Anpassen der Charakteristik der Audiorepro-
duktion durch die Wiedergabevorrichtung (410,
1110h) basierend auf dem bestimmten zweiten
Standort der Person.

8. Verfahrennacheinemdervorstehenden Anspriiche,

umfassend:
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Senden (S910), durch den Hochtoner (414a) in
der Wiedergabevorrichtung (410, 1110h), wenn
sich eine Person an einem bekannten Standort
relativ zu der Wiedergabevorrichtung (410,
1110h) befindet, eines dritten Tonsignals, um-
fassend die zuvor bestimmte Wellenform;
Empfangen (S920), durch das Mikrofon (415) in
der Wiedergabevorrichtung (410, 1110h), eines
vierten Tonsignals, umfassend mindestens eine
Reflexion des dritten Tonsignals; und
Speichern (S930) von Standortdaten, umfas-
send Daten, die das vierte Tonsignal und eine
Zuordnung zwischen dem vierten Tonsignal und
dem bekannten Standort anzeigen,

wobei das Veranlassen, dass, basierend auf
dem zweiten Tonsignal, der Standort der Person
(403, 1103) relativ zu der Wiedergabevorrich-
tung (410, 1110h) bestimmt wird, das Bestim-
men unter Verwendung der Standortdaten um-
fasst, dass der Standort einer Person relativ zu
der Wiedergabevorrichtung (410, 1110h) der
bekannte Standort basierend auf einer Entspre-
chung zwischen dem zweiten Tonsignal und
dem vierten Tonsignal ist.

Verfahren nach Anspruch 8, ferner umfassend:

vor dem Ubertragen des dritten Tonsignals, Be-
stimmen einer Ausrichtung der Wiedergabevor-
richtung (410, 1110h);

wobei in den gespeicherten Standortdaten, das
vierte Tonsignal der bestimmten Ausrichtung
der Wiedergabevorrichtung (410, 1110h) zuge-
ordnet ist.

Verfahren nach Anspruch 9, wobei das Bestimmen
der Ausrichtung der Wiedergabevorrichtung ein Er-
kennen, basierend auf dem vierten Tonsignal, der
Ausrichtung der Wiedergabevorrichtung (410,
1110h) umfasst.

Verfahren nach einemder vorstehenden Anspriiche,
wobei das Veranlassen, dass, basierend auf dem
zweiten Tonsignal, der Standort der Person (403,
1103) bestimmt wird, ein Identifizieren einer Refle-
xion der zuvor bestimmten Wellenform in dem zwei-
ten Tonsignal umfasst.

Verfahren nach einemder vorstehenden Anspriiche,
umfassend:

Empfangen, durch das Mikrofon (415) in der
Wiedergabevorrichtung, eines Audiosignals,
das eine gesprochene Eingabe einschlie3t; und
Zuordnen der gesprochenen Eingabe zu dem
bestimmten Standort der Person (403, 1103).

Verfahren nach Anspruch 12, wobei die gesproche-
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ne Eingabe einen Sprachbefehl einschlielt, um eine
weitere Vorrichtung zu steuern, das Verfahren um-
fassend:

Senden eines Steuersignals von der Wiedergabe-
vorrichtung an die weitere Vorrichtung in Abhangig-
keit von dem bestimmten Standort der Person (403,
1103).

Verfahren nach einem dervorstehenden Anspriiche,
umfassend das Empfangen eines fiinften Tonsig-
nals durch ein weiteres Mikrofon in der Wiederga-
bevorrichtung (410, 1110h), das flnfte Tonsignal
umfassend mindestens eine Reflexion des ersten
Tonsignals,

wobei das Veranlassen, dass, basierend auf dem
zweiten Tonsignal, der Standort der Person (403,
1103) bestimmt wird, umfasst:

Bestimmen einer Verzégerung zwischen dem zwei-
ten Tonsignal und dem fiinften Tonsignal; und Be-
stimmen, unter Verwendung der bestimmten Verzo-
gerung, einer Winkelkomponente des ersten Stand-
orts von der Wiedergabevorrichtung (410, 1110h).

Wiedergabevorrichtung (410, 1103), umfassend:

einen Hochtdner (414a), der konfiguriert ist, um
Audiosignale zu erzeugen;

ein Mikrofon (415); und

ein Verarbeitungssystem, das konfiguriert ist,
um die Wiedergabevorrichtung (410, 1103) zu
veranlassen, das Verfahren nach einem der An-
spriiche 1 bis 14 durchzuflihren.

Revendications

1.

Procédé destiné a un dispositif de lecture (410,
1110h), le procédé étant caractérisé par le fait qu’il
comprend :

la transmission (S610), par un haut-parleur
d’aigus (414a)dans le dispositif de lecture (410),
d'un premier signal sonore ultrasonique (405)
comprenant une forme d’onde prédéterminée ;
la réception (S620), par un microphone (415)
dans le dispositif de lecture (410), d’'un deuxie-
me signal sonore comprenant au moins une ré-
flexion (407a, 407b, 407c) du premier signal so-
nore (405) ;

le fait d’amener, sur la base du deuxiéme signal
sonore, I'emplacement d’une personne (403,
1103) par rapport au dispositif de lecture (410)
a étre déterminé (S630) ; et

la sélection (S640) d'une caractéristique de re-
production audio par le dispositif de lecture (410)
sur la base de I'emplacement déterminé de la
personne (403, 1103).
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2. Procédé selon la revendication 1, dans lequel le fait

d’amener|’emplacement de la personne (403, 1103)
a étre déterminé comprend au moins I'un parmi :

le fait de ne pas tenir compte d’'une partie du
deuxiéme signal sonore correspondant a une
réponse automatique du dispositif de lecture
(410, 1110h) ; et

la soustraction, du deuxiéme signal sonore, d’'un
signal de base de référence recgu par le micro-
phone (415) dans le dispositif de lecture lors-
qu’aucune personne n’est présente dans I'envi-
ronnement de lecture.

Procédé selon I'une quelconque revendication pré-
cédente, comprenant la réalisation, par le dispositif
de lecture (410, 1110h), d’'une reproduction audio a
partir d’'une source de média simultanément a la
transmission du premier signal sonore.

Procédé selon la revendication 3, comprenant en
outre :

la transmission du premier signal sonore (405)
et la réception du deuxieéme signal sonore a des
intervalles de temps prédéterminés afin de dé-
terminer des emplacements respectifs de la per-
sonne (403, 1103) aux intervalles de temps
prédéterminés ; et

I'ajustement de la caractéristique de la repro-
duction audio a partir de la source de média aux
intervalles de temps prédéterminés selon I'em-
placement actuel de la personne (403, 1103).

Procédé selon I'une quelconque revendication pré-
cédente, dans lequel la caractéristique est au moins
'un parmi : un volume de la reproduction audio ; et
un ou plusieurs canaux particuliers pour reproduc-
tion audio par le dispositif de lecture (410, 1110h) a
partir d’'une source média.

Procédé selon I'une quelconque revendication pré-
cédente, comprenant en outre :

lorsque I'emplacement déterminé de la person-
ne (403, 1103) est un premier emplacement, la
configuration d’'un ou plusieurs dispositifs de
lecture pour une lecture cinéma a domicile dans
laquelle le dispositif de lecture (410, 1110h) lit
un canal de cinéma a domicile particulier de con-
tenu audio ; et

lorsque I'emplacement déterminé de la person-
ne (403, 1103) est un second emplacement, la
configuration d’'un ou plusieurs dispositifs de
lecture pour une lecture stéréo dans laquelle le
dispositif de lecture (410, 1110h) lit 'un parmi
des canaux gauche et droit du contenu audio
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Procédé selon 'une quelconque revendication pré-
cédente, comprenant en outre :

la transmission, par le haut-parleur d’aigus
(414a)dans le dispositifde lecture (410, 1110h),
d’'un troisiéme signal sonore comprenant la for-
me d’'onde prédéterminée ;

la réception, par le microphone (415) dans le
dispositif de lecture (410, 1110h), d’'un quatrie-
me signal sonore comprenant au moins une ré-
flexion du troisieme signal sonore ;

le faitd’amener, sur la base du quatriéme signal,
d’'un second emplacement d’'une personne par
rapport au dispositif de lecture (410, 1110h) a
étre déterminé ; et

I'ajustement de la caractéristique de reproduc-
tion audio par le dispositif de lecture (410,
1110h) sur la base du second emplacement dé-
terminé de la personne.

8. Procédé selon I'une quelconque revendication pré-

cédente, comprenant :

la transmission (S910), par le haut-parleur
d’aigus (414a) dans le dispositif de lecture (410,
1110h), lorsqu’une personne se trouve au ni-
veau d’'un emplacement connu par rapport au
dispositifde lecture (410, 1110h), d’'un troisieme
signal sonore comprenant la forme d’onde
prédéterminée ;

la réception (S920), par le microphone (415)
dans le dispositif de lecture (410, 1110h), d’'un
quatriéme signal sonore comprenant au moins
une réflexion du troisieme signal sonore ; et

le stockage (S930) de données d’emplacement
comprenant des données indiquant le quatrie-
me signal sonore et une association entre le
quatrieme signal sonore et 'emplacement con-
nu,

dans lequel le fait d’amener, sur la base du
deuxieme signal sonore, I'emplacement de la
personne (403, 1103) par rapport au dispositif
de lecture (410, 1110h) a étre déterminé com-
prend le fait de déterminer, a 'aide des données
d’emplacement, que 'emplacement d’'une per-
sonne par rapport au dispositif de lecture (410,
1110h) est I'emplacement connu sur la base
d’une correspondance entre le deuxieme signal
sonore et le quatrieme signal sonore.

9. Procédé selon la revendication 8, comprenant en

outre :

avant de transmettre le troisieme signal sonore,
la détermination d’une orientation du dispositif
de lecture (410, 1110h) ;

dans lequel, dans les données d’emplacement
stockées, le quatrieme signal sonore est asso-
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cié al'orientation déterminée du dispositifde lec-
ture (410, 1110h).

Procédé selon la revendication 9, dans lequel la dé-
termination de I'orientation du dispositif de lecture
comprend la détection, sur la base du quatrieme si-
gnal sonore, de I'orientation du dispositif de lecture
(410, 1110h).

Procédé selon I'une quelconque revendication pré-
cédente, dans lequel le fait d’amener, sur la base du
deuxiéme signal sonore, I'emplacement de la per-
sonne (403, 1103) a étre déterminé comprend l'iden-
tification d’'une réflexion de la forme d’onde prédé-
terminée dans le deuxiéme signal sonore.

Procédé selon I'une quelconque revendication pré-
cédente, comprenant :

la réception, par le microphone (415) dans le
dispositif de lecture, d’un signal audio compor-
tant une entrée vocale ; et

'association de I'entrée vocale a 'emplacement
déterminé de la personne (403, 1103).

Procédé selon la revendication 12, dans lequel I'en-
trée vocale comporte une instruction vocale pour
commander un autre dispositif, le procédé
comprenant :

I'envoi d’'un signal de commande du dispositif de lec-
ture a I'autre dispositif en fonction de I'emplacement
déterminé de la personne (403, 1103).

Procédé selon I'une quelconque revendication pré-
cédente, comprenant la réception d’un cinquiéme si-
gnal sonore par un autre microphone dans le dispo-
sitif de lecture (410, 1110h), le cinquiéme signal so-
nore comprenant au moins une réflexion du premier
signal sonore,

dans lequel le faitd’amener, surla base du deuxieme
signal sonore, I'emplacement de la personne (403,
1103) a étre déterminé, comprend :

la détermination d’'un retard entre le deuxiéme signal
sonore et le cinquiéme signal sonore ; et la détermi-
nation, a I'aide du retard déterminé, d’'une compo-
sante angulaire du premier emplacement a partir du
dispositif de lecture (410, 1110h).

Dispositif de lecture (410, 1103) comprenant :

un haut-parleur d’aigus (414a) configuré pour
générer des signaux audio ;

un microphone (415) ; et

un systéeme de traitement configuré pour ame-
ner le dispositif de lecture (410, 1103) a réaliser
le procédé selon'une desrevendications 1 a14.
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